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ABSTRACT
This study was designed to investigate host specificity of the 
fungus Balansia cvoeri Edg. on Cvperus rotundus L. (purple nutsedge) and 
to determine the effect of fungus presence on the biology and ecology of 
the sedge. Isolates of epiphytic Balansias from C. rotundus and
C. virens had similar cultural characters, conidium morphology, and 
extracellular enzyme activity in artificial culture. However, B. cvoeri 
from C. rotundus had a faster growth rate, greater conidium production, 
and higher temperature optimum than did the isolate from C. virens. 
Artificial infection of C. rotundus by B. cvperi from C. rotundus was far 
more successful than infection by the isolate from C. virens. These 
results suggest that host specificity may exist.
Evidence obtained in this study indicates that purple nutsedge gains 
three selective advantages from fungus infection. Non-choice and 
preference feeding experiments conducted in the laboratory showed that 
larval weight and to a lesser extent larval growth rate were 
significantly reduced when the fall armyworm was fed leaves from 
B. cvperi-infected purple nutsedge as compared to uninfected leaves; 
larvae also preferred uninfected leaves. Therefore one advantage is 
reduced herbivory on uninfected plants. A second advantage of infection 
to the sedge is escape from other infection. This is indicated by 
growth inhibition of fungi isolated from C. rotundus by B. cyperi 
mycelium, culture medium, and infected leaf extracts. Growth in culture 
of potentially pathogenic fungi was statistically reduced in the presence
vii
of extracts from infected sedges as compared to uninfected sedges. In 
greenhouse studies epiphyte infection accounted for increased vegetative 
growth - the third advantage. Vegetative shoot number and total dry 
weight were significantly greater while inflorescence number in infected 
plants decreased as compared to uninfected plants. Infected plants 
produced more, tout smaller tubers than uninfected plants. Thus, the 
ecological status of the association between B. cyperi and purple 
nutsedge appears to be mutual istic.
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Chapter 1. IntxoductiGn.
1
2Clavicipitaoeous fungi (Asccmycetes) form symbiotic relationships 
with many grasses and sedges and exist perennially on or within their 
hosts. A large number of these fungi belong to the tribe Balansiae 
(Clavicipitales) based on the structure of the perithecia and asci. The 
tribe is composed of five genera, differentiated primarily by the 
characteristics of their asexual stages. Atkinsonella Diehl, Balansia 
Speg., Balansiopsis Hohnel, and Epichloe (Fr.) Tul. were discussed 
originally in a monograph by Diehl (1950) and the fifth genus, 
Mvrioaenospora Atk. was included in the tribe by Luttrell and Bacon (1977). 
Balansia is the largest genus with approximately 20 species; the other 
genera are composed of only one or a few species each (Diehl, 1950; Bacon 
et al., 1986).
The Balansiae have been traditionally called "endophytes." As defined 
by deBary (1866), an endqphyte is any fungus that invades host tissues or 
cells of green plants, therefore including everything from foliar pathogens 
to mycorrhizal root symbionts. Through the years, however, the definition 
of an endqphyte has been restricted to fungi that exhibit intercellular 
mycelial growth, asymptomatic infection, and complete dependence on the 
host throughout its life cycle (Sampson, 1935, 1937; latch et al.. 1985). 
Only the imperfect endophytes which are commonly accommodated in Acremonium 
Link, and thought to be related to the Clavicipitaoeous telecmorph Epichloe 
typhina (Fr.) Tul., truly fit this definition. Plant hosts show no overt 
symptoms of infection or loss of vitality; flowering and seed set are the 
same as in uninfected plants (Neill, 1940; Siegel et al., 1985). In other
3Balansiae, external fruiting bodies are produced on the inflorescences or 
leaves of their hosts from intercellular hyphae.
Sterility of some host species results from the growth of mycelial 
tissue around the developing inflorescence or from the inhibition of floral 
initiation (Diehl, 1950; Bradshaw, 1959; Clay, 1986c). Epichloe typhina. 
Atkinsonella hvooxvlon (Pk.) Diehl, Balansia obtecta Diehl, and B. cyperi 
Edg. mechanically constrict inflorescence development, hence the name 
"choke" disease for their infections (Edgerton, 1919; Sampson, 1933; Diehl, 
1950; Clay, 1986c). Balansia epichloe (Weese) Diehl and B. hennimsiana 
(Moller) Diehl are examples of Balansiae fungi that inhibit floral 
initiation (Diehl, 1950; Bacon et al., 1975). In same host plants which 
reproduce asexually sterilization may be compensated for by vegetative 
reproduction (Clay, 1988), and in a few species reproduction is restored by 
such measures as vivipary (Clay, 1986b). All of these symptoms may vary 
seasonally as well as within populations (Sampson, 1933; Clay, 1986c).
An alternate growth habit for one genus of the Balansiae was suggested 
by Luttrell and Bacon (1977) when they described Mvrioaenospora atramentosa 
(Beck & Curt.) Diehl. Fruiting bodies arise from superficial mycelium of 
M. atramentosa and the fungus is thus "epiphytic." The mycelium never 
penetrates host tissue; instead it is found only on the surface of leaves, 
enclosed between the ovules, and/or around apical meristems. Balansia 
cvperi which infects species of Cyperus L. has been described as epiphytic 
on C. rotundus L. (Clay, 1986c), and while this fungus was described by 
Diehl as systemic in the tissues of c. virens Michx., recent attempts to 
isolate it from host tissue have been unsuccessful (Leudhtmann & Clay,
1988). Other Balansiae may have been misclassified as endophytes or at
4least exist endophytically only during a short part of their life cycle 
(Ehilipson and Christey, 1985; Lauchtmn & Clay, 1988).
Mast of the known hosts of the Balansiae and their asexual relatives 
belong to the families Poaceae and cyperaoeae. A questionable 
identification of Epichloe bertonii Speg. on the composite Mikania scandens 
L. (Diehl, 1950) and a report of E. tvohina infecting the rush, Juncus 
effusus L. (Kilpatrick et al., 1961) are the only exceptions. These 
grasses and sedges are widespread and economically important, many being 
valuable forage and turf crops or major weeds in agricultural systems. 
Compiling reports by various researchers, Clay (1988) estimated that at 
least 80 genera and hundreds of species of grasses are hosts to Balansiae 
with two species of Balansia known on sedges. Given the difficulty of 
detection of the Acremonium species and the ephemeral nature of symptoms of 
some other Balansiae, the actual numbers are probably larger.
Little is known about the method of transmission of the Balansiae to 
successive generations of the hosts. It is believed that seme Balansiae 
are seed transmitted. The presence of fungal hyphae in the ovaries of 
Danthonia spicata (L.) Beau, and subsequently at the shoot apex of the 
developing seedlings (Fhilipson and Connor, 1984; Ehilipson and Christey, 
1985), as well as the presence of hyphae of A. ooenophialum Morgan-Jones & 
Gams growing in association with the aleurone layer of the seeds of Festuca 
arundinaoea Schreb., later being detected in the leaf sheaths of the 
seedlings, confirms this (Clark et al., 1983). Vegetative growth of fungal 
hyphae from the maternal host parent into the developing ovary and ovule 
occurs with the change of the host to its reproductive phase. During early 
embryogenesis, hyphae enter the embryo sac and remain there during embryo
development. During seed germination, hyphae invest the apex of the 
seedling and progress into the tillers of the new plant (Ehilipson & 
Christey, 1985).
Infection of the stigma-ovary or other plant parts by wind, water, or 
insect-dispersed oonidia or ascospores may be another possible route for 
infection. Diehl (1950) successfully infected 3 of 20 plants of Cendhrus 
echinatus L. by inoculating the stigmas with conidia of B. obtecta and 
germinating the resulting seeds. Western and Cavett (1959) infected 
Dactvlis oloroarata L. with E. tvmina by applying ascospores and conidia to 
the cut surfaces of the grass. Recently Latch and Christenson (1985) 
successfully infected Lolium perenne L. and Festuca arundinaoea with 
Acremonium spp. of Balansiae; and Leuchtmann and Clay (1987) infected 
Danthonia spicata and Stipa leucotridha Trin. & Rupr. with A. hvpoxvlon. 
and Cyperus virens with B. cyperi. The inoculation methods used in both 
cases were similar. Mycelium was inserted into the developing coleoptile 
of young seedlings raised aseptically. Attempts to inoculate natural hosts 
of B. epichloe and M. atramentosa have been unsuccessful (Rykard et al., 
1985).
Infection could also be spread by vegetative reproduction. The fact 
that many of these plant hosts are clonal and that the infection is found 
surrounding or within shoot apices would facilitate spread by asexual means 
(Sampson, 1933; Diehl, 1950; Luttrell and Bacon, 1977; Clay, 1986c). The 
fungus appears to overwinter in or on dormant buds on warm season 
perennials that die back to the crowns during the winter, and develop on 
new plants in the spring (Rykard et al., 1985).
6Natural spread of the infection between species has been observed in 
several cases. Rykard et al. (1985) reported that Mvriogenospora 
atramentosa was spread from infected transplants of Paspalum notatum Flugge 
to neighboring plants of P. laeve Michx. and Panicum hians Ell. at one 
location. Clay noticed that natural stands of Cvperus pseudoveqetus 
Steudel. became infected with B. cvoeri after C. virens infected with 
B. cvoeri was planted close by (Clay, personal ccranunication). Smut grass 
(Soorobolus poiretii (R.& S.) Hitchcock] after introduction to the United 
States from Asia became infected with Balansia epichloe. an infaction that 
is not seen in the native range of smut grass (Clay, 1986a).
Recognition of the Balansiae dates back almost 200 years when in 1798, 
Persoon described the species Sohaeria tvohina. later known as E. typhina 
(Tulasne & Tulasne, 1861). Little attention, however, has been shown to 
this tribe of fungi until its recent association with various cattle and 
sheep disorders referred to by such names as "summer syndrome," fescue 
foot," and "ryegrass staggers." Cattle and sheep suffering from such 
toxicoses exhibit symptoms ranging from elevated body temperature, weight 
less, and spontaneous abortion to nervous and gangrenous disorders 
resembling symptoms of ergotism (Bacon et al. 1975; Luttrell and Bacon, 
1977; Mortimer, 1983; Bacon et al., 1986). Many grasses have now been shown 
to be infected with species of Balansiae and researchers have demonstrated 
that endcphyte infection of pastures is positively correlated with the 
presence of these symptoms in various mammals (Bacon et al., 1977; 
Macintosh et al., 1982; Hoveland et al., 1983). Economic losses of 
millions of dollars per year due to this condition (Clay, 1988) have been 
the impetus behind the renewed interest in the Balansiae, and a wealth of
7information has been generated relating toxicoses to grass endophyte levels 
(Latch et al., 1987) and to other factors such as the temperatures at which 
the infected grasses are grown (Herriken et al., 1984), their fertilization 
levels (Kennedy & Bush, 1983), and genotype (Gentry et al., 1969).
Evidence suggests that the ingestion of alkaloids produced by the 
Balansiae is one basis for mammalian toxicoses. The production of ergot 
alkaloids by related species of Claviceps Tul. (Groger, 1972), and the 
subsequent ingestion of Claviceps spp. by mammals produces symptoms 
identical to those of cattle and sheep that graze Balansiae-infected fields 
(Clay, 1988). Species of Balansia and Epichloe tvphina have been shown to 
produce ergot alkaloids under specific conditions in pure culture (Bacon et 
al., 1979, 1986; Porter, et al., 1979a; 1979b). Other types of alkoloids 
are produced by the Acremonium endophytes of tall fescue and perennial 
ryegrass. Pyrrolizidine alkaloids, isolated from the leaf tissue of tall 
fescue infected with an Acremonium endophyte, resulted in symptoms of 
fescue toxicity when added to the diets of cattle. Cattle that ingested 
little to no alkaloids developed no symptoms (Jones et al., 1983).
Alkaloids known as lolitrems and peramines have been isolated from infected 
perennial ryegrass but only the former has been shown to relate to 
toxicoses problems in mammals (Gallagher et al., 1981; Rowan et al., 1986).
It is generally believed that the fungus, not the host plant, is 
responsible for alkaloid production. While several species of grasses not 
known to be infected with Balansiae produce alkaloids that are often toxic 
to mammals (Woods & Clark, 1971; Ball & Hoveland, 1978), uninfected plants 
that are usual hosts to the Balansiae have not been shown to contain
alkaloids (Bush et al., 1982). The possibility that the fungi induce plant 
hosts to produce toxins should be investigated.
Recent field and laboratory experiments have demonstrated a positive 
relationship between host grasses infected by the Balansiae and insect 
resistance. Prastidge et al. , (1982) in New Zealand, were the first to 
report that endophyte infected perennial ryegrass plants were more 
resistant to attack by the Argentine stem weevil (Listronofcus bonariensis 
Kiuschel) than uninfected plants. Since then leaves and seeds from 
perennial ryegrass infected with A. loliae Latch, Christiansen & Samuels 
and tall fescue infected with A. coenaphialum and E. tvohina have been 
shown to reduce development and survival in controlled choice experiments 
when fed to such insects as aphids (Rhooalosiphum padi L., Schizaphic 
oraminum Rondani), bluegrass billbugs (Sihenophorus parvulus Gyllenhal), 
fall armyworms fSpodoptera fruaiperda J.E. Smith), house crickets (Acheta 
dcmesticus L.), and the common flour beetle (Tribolium castaneum Herbst), 
(Ahmad et al., 1985, 1986; Clay et al., 1985a; Hardy et al., 1985; Johnson 
et al., 1985; Latch et al., 1985; Cheplick & Clay, 1988). Grasses in the 
genera Cenchrus L., Danthonia IX., Glvoeria R. Brown, Panicum L., Paspalum 
L., Stipa L., Tridens Roemer & Schultes, and two sedges (Cvperus spp.) 
caused similar results when fed to the fall armyworm (Clay et al., 1985a; 
1985b; Cheplick and Clay, 1988). Also, as reported by Cheplick and Clay 
(1988), Schmidt (1986) found decreased survival by black cutworm larvae 
(Aorotis secretum Schiff) when fed leaves of Dactyl is alomerata L. infected 
by E. tvphina as compared to uninfected leaves. While the performance of 
these insects has varied among Balansiae-infected host populations, 
possibly due to differences in plant nutrition (Hardy et al., 1986), growth
9conditions (Cheplick & Clay, 1988), or infection levels within plant 
populations (Latch et al., 1987) the results have been unmistakedly 
consistent. With one exception, [the work of Lewis and Clements (1986) on 
perennial ryegrass seedlings infected with Acremonium loliae which shewed 
the fungus to have no effect on infestation by frit fly larvae fOscinella 
frit L.) ], grasses infected with endophytic Balansiae exhibit detrimental 
effects chi a wide range of insect herbivores.
The correspondence between mammalian toxicoses and insect resistance 
have suggested to many researchers that similar mechanisms nay be 
responsible for both effects. Johnson et al. (1985) found that an aphid- 
deterring methanolic extract of infected tall fescue contained relatively 
high concentrations of pyrolizidine (N-aoetyl- and N-f ormyloline) alkaloids 
and suggested that these compounds, known to be associated with "summer 
syndrome" fescue toxicoses of cattle, might be involved in insect 
deterrence. Clay (1988) found that fall armyworm larvae, when fed leaf 
disks soaked in varying concentrations of ergot alkaloid solutions, ate 
less and gained weight more slowly at the higher concentrations. Feramines 
have been isolated from infected perennial ryegrass and have been shown to 
have insect deterring properties (Rowan et al., 1986). lolitrems were not 
found to be present in the leaf extracts which deterred the feeding of the 
Argentine stem weevil (Pnestidge et al., 1985).
Another mechanism which could be responsible for reduced feeding or 
antibiosis of insects when feeding on infected plants is depletion of 
nutrients and water from the host plant by the fungus. Leaves from bahia 
grass (Paspalum notatum Parodi) and brocmsedge (Andropocron virninicus L.) 
infected with M. atramentosa have been shown to be lower in carbohydrate
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content than adjacent leaves with no fungal stromata (Smith et al.. 1985), 
and tall fescue leaves infected with A. ooenaEhialum were found to be lower 
in water content than uninfected leaves (Hardy et al., 1986).
A growing phytcpathological literature is emerging which suggests that 
endophytic infections of higher plants provide their hosts protection 
against virulent pathogens (Matta, 1971; Kuc & Hammerschmidt, 1978; Minter,
1981). Various members of the Balansiae have been shown to exhibit 
antibiotic effects toward other fungi. Acremonium ooenaphialum. A. loliae. 
and a similar endophyte isolated from Festuca versuta Beal inhibited 
certain soil fungi including two grass pathogens when grown in vitro (White 
& Cole, 1985; 1986). Epichloe typhina. which invades Fhleum pratense L., 
has been found to be resistant to the pathogen Cladosporium phlei (Gregory) 
deVries and to produce three sesquiterpenes which are apparently fungitoxic 
(Yoshihara et al., 1985). While inhibition in the cases mentioned above is 
thought to be caused by direct antibiosis of one fungus to another, the 
protective effect of an invading microbe may also involve stimulation of 
general plant defenses against fungus attack. These defenses include the 
synthesis of pre-infection compounds, metabolites which reduce or halt 
development in vivo of microorganisms; or post-infection compounds, 
metabolites formed de novo from preexisting non-toxic substrates (Harbome,
1982).
Infection by the endophytic Balansiae may increase host vigor. One 
possible mechanism by which infection could confer vigor is by increased 
resistance to insect herbivory and to attack by fungal pathogens. Another 
is by increased vegetative growth, competitive ability, and survival.
While some Balansiae-infected plants have been described as dwarfed when
11
compared to uninfected plants of the same species (Rykard et al., 1985), 
the majority have been described as larger than uninfected plants growing 
in close proximity. Diehl (1950) reported that Danthonia compressa Austin 
and Cenehrus echinatus infected by A. hvooxvlon and B. obtecta. 
respectively, were larger arid healthier than uninfected plants. Haberd 
(1961) observed that plants of red fescue (Festuca rubra L.) infected with 
E. tvphina often were larger than uninfected plants, and day (1986b) found 
field samples of Cvoerus virens infected with B. cyperi to be substantially 
larger than sampled plants free from this infection. Data from field and 
environmentally regulated growth trials have supported these observations. 
Perennial ryegrass infected with A. loliae and tall fescue infected with 
A. coenophialum have exhibited greater vegetative growth and dry matter 
accumulation than uninfected plants (Gaynor & Hunt, 1983; latch et al.. 
1985; day, 1987), and have been more persistent under draught conditions 
(Read & Camp, 1986). Clay (1984) found that Danthonia spicata (L.) Beau, 
infected with the fungus, A. hvpoxylon. had higher growth and survival 
rates than plants free from infection in competition studies between
D. spicata and Anthoxanthum odoratum L. in a grassland community. In 
contrast, Neill (1941) compared individual plants of perennial ryegrass 
either disease free or infected with A. loliae. and found no growth 
differences, and Siegel et al. (1984) observed no differences in growth 
between endophyte-infected and uninfected tall fescue. Bradshaw (1959) 
found increased tillering of Aorostis tenuis Sibth. and A. stolonifera L. 
infected with E. typhina. tut found infected plants to have no greater dry 
weight than uninfected plants. If one considers that metabolic cost to the 
plant of maintaining an endophyte may be high (Carroll, 1986), reports of
12
equal growth between endophyte-infected and uninfected plants may be 
misleading.
Differences in growth between Balansiae-infected and uninfected plant 
hosts may lead to increased host survival and persistence (Clay, 1988).
Data suggest that as populations age, the frequency of infected plants 
increases, approaching 100% in scare cases (Clay, 1987; Latch et al., 1987; 
White, 1987).
The physiological basis for increased growth of Balansiae-infected 
plant hosts is unknown. Since many hosts of Balansiae endophytes fail to 
produce seeds either because of the abortion of the inflorescence or 
because of abstention from flowering, induced sterility could result in 
more vigorous growth. Hormonal imbalance resulting in increased cell 
division and differentiation is another possible explanation for increased 
growth. Porter et al. (1985) have demonstrated that Balansia epichloe 
produces auxins in vitro, and the presence of vivipary in seme host species 
when infected with Balansiae (Clay, 1986b) suggests hormonal disruptions in 
the plant.
While recent studies are beginning to elucidate details of the 
relationship between the largely endophytic Balansiae and their grass 
hosts, much less is known about the species of Balansia associated with 
sedges. In 1986 an association between purple nutsedge (C. rotundus), a 
major weed, and B. cyperi was identified in widely separated areas of 
Louisiana (Clay, 1986c). Up until then the only known hosts of B. cyperi 
were C. virens. the original association being described by Edgerton 
(1919), and C. pseudoveaetus. identified as a second host by Clay (1985). 
These two native sedges have no known agricultural importance. On the
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basis of preliminary surveys, it appears likely the fungus may be 
widespread on purple nutsedge in southeastern Louisiana because more than 
30 sites with diseased purple nutsedge have been located in Orleans, East 
Baton Rouge, Jefferson, Vermillion, La Fourche, and Tangipahoa Parishes 
(Clay, 1986; personal observation). However, the infection of purple 
nutsedge by B. cyperi does not appear to be known in other southeastern 
states. Inquiries to all university and ARS, USD& experimental stations in 
Texas, Mississippi, Georgia, Alabama, and Florida resulted in no responses 
that purple nutsedge infected with B. cyperi was present in their areas. 
However, the recognition of this infection can sometimes be difficult.
Purple nutsedge, an introduced species from India, is widely 
distributed in the southeastern United States where it is a troublesome 
weed in many agronomic and horticultural crops (lewis & Worsham, 1970; Holm 
et al., 1977). It is also a worldwide pest occurring in tropical, 
subtropical, and warm temperate regions, its northernmost range constrained 
by temperature (Holm et al., 1977). Eradication and/or control has been 
disappointing mainly because of its particular growth habit. Purple 
nutsedge is a perennial species which has a rapid rate of development and 
produces an extensive underground system of both "active" bulbs and 
"dormant" tubers connected rhizcanatously into chains (Andrews, 1940;
Standi fer, 1974). The bulbs and tubers are the principal means of 
propagation; viable seed are rarely produced (Horowitz, 1972; Thullen & 
Keely, 1979). Tuber sprouting occurs 6-10 days after planting, resuming 
growth in acrcpetal succession (Hauser, 1962). Tuber dormancy may be 
maintained by extrinsic (low oxygen concentration, low light intensity or 
quality) or by intrinsic means (apical dominance, growth inhibitors)
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(Hauser, 1962; Negi & Normand, 1964; Standifer, 1974; Standifer et al.. 
1966).
Based upon this information, the life history of purple nutsedge could 
be explained in the following manner. Tuber dormancy is broken. The 
uppermost bud of the tuber sprouts and produces a rhizome which grows 
upward and develops into a basal bulb just before it reaches the soil 
surface, the basal bulb is a stem with a tuberous base, the top of which 
is a closely appressed series of leaves. After the aboveground shoots 
develop from the basal bulb, one or more buds from the lower portion of the 
basal bulb sprout and develop into rhizomes. These rhizomes grow to 
variable lengths before developing into other basal bulbs or tubers. If a 
basal bulb develops, the sequence repeats itself. If a tuber develops, 
more rhizomes may develop which in turn produce more tubers or bulbs.
After several months, a single tuber might have developed into an extensive 
network of connected aboveground shoots (Hauser, 1962). The sedge life 
cycle is important to an understanding of the dynamics of B. cyoeri 
infection.
Balansia cyperi when infecting purple nutsedge appears to be epiphytic 
and often asymptomatic (Clay, 1986c). Microscopic examination of 
asymptomatic plants shows fungus hyphae surrounding tuber buds and shoot 
apices. Variation of disease symptoms may exist among shoots 
interconnected by rhizomes. The only external evidence of infection is 
completely or partly aborted inflorescences covered with fungus stroma 
which Diehl (1950) described, probably incorrectly, as consisting of both 
fungus and host tissue. No perithecia and ascospores have yet been found 
to form (Clay, 1986c; personal observation). Stromata are primarily
sproduced during the fall flowering of purple nutsedge. Flowering in the 
summer may show no signs of the infection (Clay 1986c; personal 
observation). The infection appears to overwinter on the dormant buds of 
the underground tubers.
It is rest clear whether B. cvoeri is parasitic on its host. Since 
purple nutsedge rarely produces viable seed, the presence of disease may 
have little effect on the plant's reproductive potential. The fungus may 
be transmitted vegetatively through tubers and basal bulbs (Clay, 1986c); 
other nodes of transmission are possible but unknown (see discussion 
above). Hie potential for survival and spread of the infection in 
populations of purple nutsedge may be high because of the particular life 
history characteristics of this host. Also, the predominance of Balansiae- 
infected plant hosts in natural and agronomic stands of many of the grass 
species suggests that there are possible positive selective pressures for 
their occurrence (Bradshaw, 1959; White & Cole, 1985).
The goals of this research were twofold. The first was to identify 
how B. cvperi affects the biology and ecology of purple nutsedge. Balansia 
cyperi is known from additional hosts since its original discovery and may 
be spreading. Since many species of the Balansiae infect weedy species 
(Bacon et al., 1985), this knowledge is of importance in attempting to 
reduce agricultural losses. Purple nutsedge alone causes millions of 
dollars a year in worldwide agricultural losses. No other species 
approaches the virilenoe of this weed. (Holm et al., 1977). The second 
goal was to gain relevant information that could be added to the building 
of a conceptual framework of how microorganisms affect higher plants.
There is little information on the impact of fungi on the ecology and 
physiology of natural plant populations.
The project was begun in August, 1985. The specific research 
objectives were:
1. To determine if host races of B. cyperi can be 
distinguished morphologically or physiologically by 
cultural characters, extracellular enzyme 
production, or by the results of artificial cross 
inoculations.
2. To determine the effect of B. cyperi-infected 
purple nutsedge on growth and development of the 
fall anryworm, S. fruaiperda. a natural herbivore 
of this sedge.
3. To determine the effect of B. cvoeri and leaf 
extracts from purple nutsedge infected with this 
fungus on growth of other fungi that are naturally 
associated with purple nutsedge.
4. To determine the effect of B. cyperi on growth and 
reproduction of purple nutsedge.
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HHRODDCXIGN
Balansia cyperi Edg. was first described from the sedge, Cvperus 
virens Michx. (Edgerton, 1919). Species of this genus previously had 
been known to occur only on grasses. The infected sedge showed 
characteristics for distinguishing Balansia. including the presence of a 
stroma. Diehl (1950) referred to this structure as a "hypothallus." 
According to the modem usage the term "stroma" will be used here 
(Hawksworth et al., 1983). The stroma gives rise to an ephelidial 
anamorph and upon maturity forms a sclerotized outer layer in which 
perithecia are formed. This structure, along with the ephelidial stage, 
has special taxonomic significance in defining Balansia since in other 
clavicipitaceous genera, such as Clavioeos Tul., the perithecia are 
virtually indistinguishable from those of Balansia (Diehl, 1950).
Balansia cyperi was reported on the sedge Cvperus rotundus L. in 
Louisiana, where infected populations of C. virens were found in the 
same general geographical locations (Clay, 1986b). As on C. virens. 
infection was conspicuous because of the presence of a white, sessile 
stroma aborting the inflorescence on top of the flowering stalk.
Conidia from infected C. rotundus were reported to be similar in size 
and shape to conidia from B. cyperi infecting C. virens. Cvperus 
rotundus infected with B. cyperi differed, however, from infected 
C. virens in several ways. The symptoms of C. virens when infected with
B. cyperi are consistently expressed. A plant is either entirely 
healthy or all flower stalks per plant are diseased; individual flower
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stalks rarely show intermediate degrees of infection (Edgerton, 1919). 
Extreme variability exists in expression of infection of B. cyperi on 
C. rotundus (Clay, 1986b). Inflorescences can be completely aborted, 
they can be partly aborted with individual spikelets pushing out from 
the stroma, or the inflorescences can appear normal. All three degrees 
of infection can be found on one plant. Diehl (1950) classified
B. cvoeri as an endophyte on C. virens. describing the fungus as 
systemic within the tissues of the sedge. However, B. cyperi was 
described as epiphytic on C. rotundus (Clay, 1986b). Fungal hyphae were 
not detected in the pith or leaf sheaths of infected plants or 
internally within the ovules. Hyphae were found enclosed between the 
ovules and the integuments near the micropyle and around apical 
meristems and leaf primordia of basal bulbs and tubers. Recent attempts 
to isolate B. cyperi from leaf tissue of C. virens. however, have been 
unsuccessful (Leuchtmann and Clay, 1988a), suggesting the fungus is 
epiphytic on both species of sedges.
Ihe purpose of this research was to determine if B. cyperi exists 
in two forms. This would be of interest because it would help explain 
the differences in infection characteristics between the two sedge 
hosts. Laboratory and field studies were undertaken to compare 
morphological characteristics of B. cyperi from C. virens and
C. rotundus when cultured on artificial media, to compare the production 
of extracellular enzymes by B. cyperi isolated from the two sedges, and 
to attempt to infect C. rotundus artificially with B. cvoeri from both 
sources.
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MATERIAL AND METHODS
Collection of tubers and growth of stock plants. Approximately 500 
uninfected tubers were collected from three sites on the Louisiana State 
University campus (ISU) in Baton Rouge, Louisiana, where B. cyperi is 
not known to occur. Tubers were collected and taken in plastic bags to 
the laboratory where they were prepared for inoculation trials.
Infected plants were collected from three sites in southeastern 
Louisiana and transplanted to the greenhouse. The original locations 
and date of transplanting are as follows: 1) ISU, Baton Rouge, East
Baton Rouge Parish, IA, V 1987; 2) Lake Pontchartrain south shore, New 
Orleans, Orleans Parish, LA, V 1987; 3) Southeastern Louisiana 
University campus (SID), Hammond, Tangipahoa Parish, IA, V 1987. Roots 
with connected tubers were washed in sterile water, the aboveground 
tillers were trimmed to approximately 4 cm and the plants were placed in 
6 cm plastic pots with sterile soil mix consisting of top soil, sand, 
peat, and perlite (2:2:2:1 ratio). The plants were grown in a 
greenhouse for several months under natural light and temperatures 
(18-30C), and watered daily.
Isolation of fungi. Balansia cyperi from C. rotundus was isolated from 
conidial stromata that were present on flower stalks produced from the 
three greenhouse populations of plants. The stromata were surface 
sterilized by agitating in 90% ethanol for 1 min followed by 3 min in a 
50% solution of undiluted bleach (5.25% sodium hypochlorite) and sterile 
water. They were then rinsed with sterile water, transferred to a
sterile paper -towel to air dry, and dissected into 4-6 pieces with a 
sterile scalpel. 11m pieces were placed in 90-nun plastic Petri plates 
of fresh Ieonian's agar [peptone, 0.625 g; maltose, 6.250 g; malt 
extract (ME), 6.250 g; KH2FO4 , 1.250 g; MgSO^TH^O, 0.625 g; Difco 
Bacto-agar, 20.0 g per liter of water] and incubated in a dark growth 
chamber at 25C. After 24-48 hr, single germinated conidia were 
transferred to fresh plates and returned to the growth chamber.
Isolates were stored in a refrigerator at 4C as blocks of fungus 
mycelium in plastic-capped (Kim I£ip) 150 x 19 mm Pyrex test tubes with 
sterile distilled water (Beckman & Bayne, 1983). One month before 
tests, isolates of B. cvoeri were streaked onto fresh Leonian's agar and 
placed in the growth chamber at 25C until ready for use.
Balansia cvoeri from C. virens was isolated from conidial stromata 
that were collected from infected plants in Creole, Cameron Parish, 
Louisiana. Isolation and culture techniques were the; same as described 
above for isolates of C. rotundus.
Balansia obtecta Diehl, a grass endcphyte (Diehl, 1950), was 
isolated and cultured as described above from mature, surface sterilized 
stromata on leaves from Cenrihrus echinatus L. collected along the 
roadside in Pleasanton, Texas, for comparison of extracellular enzyme 
production with the two epiphyte species.
Species, host plant, isolate number, collection site, and date of 
isolation are given below for all Balansia isolates used throughout this 
study: B. cvoeri on C. rotundus. 8701, Baton Rouge, East Baton Rouge
Parish, IA, VI 1987; 8705, New Orleans, Orleans Parish, IA, VI 1987; 
8707, Hammond, Tangipahoa Parish, IA, VI 1987; B. cvoeri on C. virens.
8601, Creole, Cameron Parish, IA, 1986; B. obtecta. 8603, Pleasanton, 
Ataschosa County, TX, VI 1987. All isolates are maintained at ISU and 
have been sent to the American Type Culture Collection (ATCC).
Comparison of colony characteristics and growth. Hie solid media used 
for comparing cultural characteristics of the isolates of B. cvoeri from 
the two hosts were Laonian8s agar; potato dextrose agar (PEA), (39 g 
Difco potato dextrose agar per liter of water); and 1/2 strength 
commeal agar (1/2 CMA), (8.5 g Difco commeal agar and 8.5 g Difco 
Bacto-agar per liter of water.) Cultures were initiate! using 2 mm 
square pieces of mycelium cut from the margins of 14 day old colonies 
growing on Leonian's agar. Three 90 mm Petri plates per media per host 
isolate were incubated in continuous darkness at 25C. After 14 days, 
plates were examined for colony characteristics. Specimens taken from 
the cultures were mounted in Melzer’s reagent (chloral hydrate, 100 g; 
potassium iodide, 5 g; iodine, 1.5 g per liter distilled water), and 
examined with a Leitz Dialux 20 compound microscope. Measurements of 
conidia and hyphae were made at x 1000. Growth studies were conducted 
with isolates on 1/2CMA in the dark. Tenperature-growth relationships 
of isolates were determined by measuring increase in diameter 
(3 replicates per isolate, completely randomized design) of 14 day old 
colonies following another two week period at 23, 25, and 28C. To 
examine the differences in conidia production, all isolates were grown 
for 14 days on 1/2 CMA in the dark at 25C. Conidia were harvested from 
each replicate plate (3 per isolate, completely randomized design) in 10 
ml of water and two subsamples were counted with a hemacytometer. All 
quantitative data were subjected to analysis of variance. Main effect
means were separated by Scheffe multiple comparison procedure (SAS,
1985).
Production of extracellular enzymes. Studies were conducted to compare 
production of extracellular enzymes by B. cvoeri isolated from 
C. rotundus and C. virens. Balansia obtecta isolated from C. echinatus 
was also tested as a comparison because of its documented endophytic 
growth habit (Diehl, 1950). All cultures were derived from fungus 
colonies grown on Leonian's agar from surface sterilized conidial 
stromata. Tests were run with four replicates per fungus isolate. All 
tests were made on prepoured 90 mm plastic Petri plates or, in the case 
of detection of cellulolytic activity, in 150 x 19 Pyrex test tubes, and 
point inoculated with mycelium. Media were adjusted to pH 6 unless 
otherwise specified. Plates and test tubes were incubated in a dark 
growth chamber at 25C; and enzyme production tests were made when plate 
colonies reached 10-30 mm in diameter (approximately 2 weeks), or in the 
case of test tube cultures, after 4 weeks. The tests for enzymatic 
activity are described below with medium descriptions. Media with the 
appropriate substrates emitted allowed for growth of all isolates of
B. cvperi and B. obtecta.
Fectolytic activity. Bie medium used was described by Hankin et al. 
(1971) and Hankin and Anagnostakis (1975). When adjusted to pH 7 it 
detected pectate lyase production; at {51 5, polygalacturonase 
production. The medium contained 500 ml of a mineral salts solution,
1 g yeast extract, 20 g Difco Bacto-agar, 5 g apple pectin (Sigma 
Chemical), and 500 ml distilled water. The mineral salts solution 
contained per liter: 2 g (NH4)2S04; 4 g KH2P04; 0.2 g MgS04; 1 mg
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FeS04 .7H20; 1 mg caci2; 10 Mg MnS04; 70 Mg ZnS04; 50 Mg CUS04; 10 m g 
M0O3. After incubation, plates were flooded with 1% aqueous solution 
hexadecyltrimethylanmonium bromide, a polysaccharide precipitant (Sigma 
Chemical). Degradation of pectin was indicated if clear zones developed 
around the fungus colony indicating precipitation of intact pectin in 
the medium.
Amylolytic activity. The ability to degrade starch was the criterion 
used for detection of amylolytic activity (Society of American 
Bacteriologists, 1951). The medium used was modified from Hankin and 
Anagnostakis (1975). Two percent soluable starch was added to ME agar 
(12.5 g malt extract and 20 g Difco Bacto-agar per liter of water).
After incubation, plates were flooded with iodine and a yellow zone 
around a colony in an otherwise blue medium indicated amylolytic 
activity.
Lipolytic activity. Lipolytic activity was assayed using procedures 
first described by Sierra (1957) and Hankin and Anagnostakis (1975).
The medium consisted of: Difco peptone, 10 g; NaCl, 5 g? CaCl2.2H20,
0.1 g; Difco Bacto-agar, 20 g per liter of water. The lipid substrate 
was sorbitan monolaurate (Tween 20) (10 ml per liter) which was added 
after autoclave sterilization (15 lb/15 min) to cooled basal medium.
After incubation, lipolytic enzyme activity was detected by either the 
formation of a precipitate or a clearing around a colony.
Proteolytic activity. The medium used to detect proteolytic activity 
contained gelatin as the protein substrate (Society of American 
Bacteriologists, 1951). An 8% solution of gelatin in water was added to 
ME agar in the amount of 5 ml per 100 ml of medium (sterilized in an
autoclave separately). Proteolytic activity was seen as a clearing 
around the fungus colony in a normally opaque medium. When flooded with 
an aqueous saturated solution of ammonium sulfate, a precipitate which 
enhanced the clear zone indicated a positive reaction.
Riosphatase activity. A modified version of a medium proposed by Hankin 
and Anagnostakis (1975) was used to detect phosphatase activity. To 98 
ml of ME agar, 2 ml of substrate, 0.01 M phenolphthalein diphosphate, 
sodium salts (Sigma Chemical), gently warmed and sterilized by Millipore 
filtration, was added. After incubation, plates were opened and 
inverted over a container of ammonium hydroxide. Colonies that turned 
pink to red degraded the substrate.
Deoxyribonuclease activity. Modifying Hankin and Anagnostakis (1975),
2 g of calf thymus, double stranded deoxyribonucleic acid (DMA) (Sigma 
Chemical) was added to ME agar to prepare the test medium. After 
incubation plates were flooded with IN HC1. Clear zones around colonies 
indicated degradation of the ENA.
Eibcojclease activity. A modified medium of Jeffries et al, (1957) was 
used to detect the ability to degrade ribonucleic acid (ENA). Toruga 
yeast ENA (Sigma Chemical) was prepared in water to give a concentration 
of 2 mg per ml of medium. It was dissolved by addition of IN NaOH, then 
mixed with ME agar just before sterilization by autoclaving. After 
incubation, plates were flooded with IN HC1 and examined for clear zones 
around colonies.
Cellulase activity. Tests for the utilization of cellulose were carried 
out following a procedure modified from Smith (1977). One-half strength 
ME agar (12 ml per tube) was dispensed into test tubes. After autoclave
sterilization the medium was allowed to solidify upright. A second 
batch of 1/2ME agar was prepared using 2/3 the specified volume of 
water. The remaining 1/3 volume of water was mixed with enough 
cellulose azure (Calbiodhem) to provide a 2% suspension when mixed with 
the agar. Each mixture was sterilized separately, mixed, and 2 ml per 
tube were pipetted aseptically onto the solidified basal medium already 
in the test tubes. Cellulolytic activity would be detected by the 
uncoupling of blue dye from the dye bound cellulose during incubation 
and its diffusion into the basal layer of medium.
The assays of enzyme production were quantitated by measuring the 
diameter of cleared zones formed in the agar and dividing zone size by 
colony size (Hankin and Anagnostakis, 1975). In the case of the 
production of cellulase, depth of dye released was compared among 
isolates (Smith, 1977). For phospatase production, shades of pink to 
red were compared among cultures. In this way enzymatic activity of 
variants of B. cyperi was determined. Such a comparison may not be as 
valid when isolates of B. cyperi and B. dbtecta are compared (Hankin and 
Anagnostakis, 1975).
Infection of tubers. Several inoculation techniques of C. rotundus with 
one isolate of B. cyperi from C. rotundus were tested prior to this 
trial. A summary of the techniques and the infection success is given 
in Table 5. Based on the results, the method with the highest infection 
success was used to test all isolates. The inoculation technique is 
based in part on the techniques of Latch and Christensen (1985) and 
leuchtmann and Clay (1988). Cvperus rotundus tubers, free from 
infection by B. cyperi. were surface sterilized by soaking for 20 min in
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50% undiluted sulfuric acid and sterile water, rinsing with sterile 
water, then soaking again for 20 min in a 50% solution of undiluted 
chlorine bleach and sterile water, followed again by rinsing in sterile 
water. After sterilization, 500 tubers were placed in 90 nan plastic 
Petri plates filled with water agar, 10 per plate, and incubated in 
darkness at 25C until sprouting. Tubers that became contaminated were 
removed. Mien rhizomes had sprouted and were approximately 1-3 cm in 
length, 100 tubers each were inoculate! with the three isolates of
B. cvoeri from C. rotundus and the one isolate from C. virens.
Inoculations were done under a Felialab transfer hood using a 
Spencer dissecting microscope and a 10 pi hypodermic syringe filled with 
sterile water fitted with a 33 gauge needle. Fungus mycelium from 
Leonian's agar cultures were placed just above the meristem with a drop 
of water by inserting the needle through the scale leaves into the 
central area of the rhizcme which is composed of several layers of leaf 
primordia. After inoculation the plates were incubated for 7 days in 
the dark at 25C. After incubation, tubers were planted individually in 
sterilized soil mix in 6 cm pots with the inoculated rhizome below the 
soil surface. The pots were placed in a greenhouse where they were 
grown under natural light with temperatures ranging frcm 18-30C and with 
daily waterings.
The plants were examined for infection after approximately 8 weeks. 
Infected inflorescences were counted and those plants not shewing 
infection were checked for infection by arbitrarily removing one shoot 
per pot and examining it under a Nikon Optiphot (1000X) microscope for 
fungus mycelium surrounding the meristem and in the leaf axils. This
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was done by cutting a free hand cross section of the leaf fascicle at 
the apex of the basal bulb with a single edged razor blade and staining 
the section with lactcpherol-cotton blue. Balansia cyperi was 
reisolated from artificially infected plants that produced conidial 
stromata on the aborted inflorescences using methods cited above, and 
compared to the original cultures.
KESUIHS
Colony characteristics. A comparative study of several isolates of
B. cyperi from G. rotundus and C. virens have shown them to have similar 
cultural characteristics when grown on 3 artificial madia (Table 1).
There were no differences in growth rates of isolates of B. cyperi from
C. rotundus on 1/2 CMA averaged over all temperatures. The isolate from 
C. virens. however, grew significantly slower than the isolates from
C. rotundus (Figure 2). For all isolates from C. rotundus. higher 
temperatures facilitated fungus growth. The isolate from C. virens grew 
fastest at 25C; the average colony size at 28C was intermediate in size 
between average colony size at 23 and 25C. There were no significant 
differences in conidia or hyphae dimensions (Table 2). On average, 
conidium size ranged from 5.0 - 18.75 x 1.0 - 3.0 um for all isolates 
grown on 1/2 CMA. Average vegetative hyphae width was 1.0 - 4.5 y m. 
Conidia and conidicsphores were similar in size, shape, and attachment to 
those of Balansia claviceps Speg. (Diehl, 1950; Ullasa, 1969). There 
were significant differences among isolates of B. cyperi as to conidia 
production on 1/2 CMA at 25C (Table 3). While average number of conidia 
per plate did not differ among isolates of B. cyperi from C. rotundus.
colonies of B. cvperi from C. virens produced substantially fewer 
conidia than did colonies of B. cvoeri from C. rotundus.
Balansia cvoeri on PDA produced raised, fleshy, tan, wrinkled, very 
slow growing colonies with irregular edges (Table 1). Reverse colony 
color ranged from pale brown to tan centrally, yellow marginally. After 
28 days in the dark at 25C, the average colony diameter for isolates of
B. cvoeri was 8.3 nan (data not shown). Despite incubation of up to 3 
months, all colonies remained sterile.
Balansia cvoeri on 1/2 CMA produced white, reverse color white, 
oppressed, concolorous colonies; they were circular, scarce, and 
slow-growing (Table 1). After 28 days in the dark at 23C, colonies of
B. cvoeri from C. rotundus attained an average diameter of 46.89 ram; at 
25C, 48.89 mm, and at 28C, 55.44 ram. Colonies of B. cvoeri from
C. virens reached an average diameter of 37.33 mm, 43.33 ram, and 
40.35 nan at 23, 25, and 28C, respectively (Figure 2). Hyaline, 
acicular, one-celled conidia were present, arranged in verticil late 
clusters and attached to oonidicphores at proximal ends. Vegetative 
hypae were hyaline, sparsely septate, and delicate. Oonidicphores 
varied from swollen hyphal tips to irregularly branched structures with 
several swollen apices (Figure 1).
Cultures on Leonian's agar produced colonies that were white to 
pink, reverse color yellow-pink centrally, yellcw marginally; velutinous 
to almost cottony; circular; and fast growing. After 28 days in the 
dark at 25C, all colonies had reached the edges of 90 ram Petri plates 
(data not shown). Vegetative hyphae, oonidicphores, and conidia were
similar to those produced on 1/2 CMA, except ccnidicphores were more 
densely crowded. Sporulation was heavy.
Extracellular enzyme production. The term "enzyme production" used here 
was defined by Harikin aid Anagnostakis (1975) as meaning synthesis and 
activity in the medium after production. The ability of the two species 
of Balansia to produce enzymes on solid media is shown in Table 4. From 
the data reported in Table 4 it is apparent that B. cvoeri and
B. obtecta produced few of the enzymes for which tests were conducted.
All isolates of B. cvoeri produced the sane enzymes (Table 4). 
Positive reactions for lipase (Tween 20 test) and phospatase 
(phenolpthalein diphosphate) were recorded for all four isolates. For 
lipase activity, the average cleared zone diameter/colony diameter 
ratios did not vary statistically among isolates. For phosphatase, all 
isolate plates turned deep red indicating possibly high phosphatase 
activity. No isolates of B. cvoeri shewed ability to produce any of the
other degradative enzymes for which tests were run.
Balansia obtecta. like B. cvoeri. showed positive reactions for 
lipase and phosphatase activity. The average cleared zone 
diameter/colony diameter ratio was .22, not statistically different than 
the average ratios from isolates of B. cvoeri. Unlike B. cvoeri. 
cleared zones designating pectin degradation (pectin lyase) were seen
for B. obtecta. No other extracellular enzymes were detected.
Artificial infection. Cyperus rotundus was successfully artificially 
infected by all three isolates of B. cvoeri from C. rotundus (Table 6). 
Nine percent of all plants inoculated with B. cvoeri from C. rotundus 
initiated flower stalks that were characterically aborted by the
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presence of a B. cyperi strcsna (data not shewn). The remaining 53% were 
identified as infected after 8 weeks growth by microscopic observation 
of mycelium surrounding dissected shoot apices for a total infection 
success of 62%. Balansia cvoeri was reisolated from the oonidial 
stromata of artificially infected plants and were found to be similar to 
the original cultures used for inoculation. When C. rotundus was 
inoculated with an isolate of B. cvoeri from the congeneric host
C. virens. however, only 3% of the plants became infected (Table 6).
None of these plants had shewn the infection. Attempts to culture
B. cvoeri from surface sterilized cross sections of shoot apices were 
unsuccessful.
mscnssiGN
The traditional criteria for comparing fungal taxa at the species 
level (size and shape of conidia, colony characteristics, growth rate) 
while inadequate alone, (White and Morgan-Jones, 1987), can be useful to 
discern biological differences in isolates when combined with cross 
inoculation trials. The reason is because that while generic and 
specific names of fungi are assigned mainly based on their morphology, 
two organisms having the same name m y  have a differing ability to cause 
infection (Strotoel & Mathre, 1970). Balansia cvoeri from C. virens and
C. rotundus were morphologically similar when grown on artificial media.
In these tests the only differences seen involved growth rates.
Isolates of B. cyperi from C. rotundus appeared to grow faster at higher 
temperatures and to sporulate more heavily than the isolate from
C. virens. Since growth rates were highly variable among replications, 
it is premature to divide the isolates of B. cyperi into 2 groups solely 
on this basis without studies of many more isolates. However, the 
inability to artificially infect C. rotundus to an appreciable degree 
with an isolate of B. cyperi from C. virens while artificially infecting
C. rotundus with isolates of B. cyperi from C. rotundus suggests a 
genetic difference in B. cyperi frcsn the different hosts. Leuchtmann 
and Clay (1988b) artificially infected 3 out of 21 seedlings of
C. virens with B. cyperi from C. rotundus and 5 out of 21 seedlings with
B. cyperi from C. virens and concluded that the two strains of B. cyperi
were equally compatible with C. virens. Our data suggest that B. cyperi 
from C. virens is rot be equally compatible with C. rotundus. While
C. virens may be the historical source of infection of C. rotundus 
(Clay, 1986b), a host shift may have occurred. Populations of
C. rotundus infected with B. cyperi are much more common than 
populations of C. virens with B. cyperi. and on the basis of preliminary
surveys, infection of C. rotundus appears to be spreading (personal
observation). Ihis may be because C. virens is relatively rare 
throughout its United States distribution (Radford et al., 1968), and is 
sterilized by B. cyperi. While conidia or asoosoopes may germinate and 
invade new hosts, asexual reproduction is probably the primary means for 
transmitting B. cyperi to successive host generations (Clay, 1986a; 
1986b). Except for vivapary of infected plants, recorded on about 30% 
of the members of 5 populations sampled in southwestern Louisiana (Clay, 
1986a), C. virens may have no effective mechanism for transmitting the 
infection. On the other hand, C. rotundus. common throughout its
distribution, reproduces asexually. Although C. rotundus is also 
sterilized, infection by B. cvoeri may enhance reproductive potential of
C. rotundus by increasing tuber production of infected plants (Stovall & 
Clay, 1988). This nay indicate that C. rotundus. a recent introduction 
to the New World (Holm et al., 1970) is more suited to host the 
infection than C. virens. a native species.
There are other possible explanations for the disparate results. 
Cultures of B. cvoeri from C. virens. which were stored up to one year 
before being used for inoculations, nay be less virulent when compared 
to cultures of B. cyperi from C. rotundus which had been stored only for 
several weeks. While special longterm storage techniques were followed 
to insure virulence, there nevertheless was a difference in age of 
inoculum. Also, since only one isolate of B. cvoeri from C. virens was 
used, the isolate could have been atypical. Additional populations of
C. virens infected with B. cvoeri need to be found in order to 
standardize inoculum and provide additional isolates for further tests. 
While faulty inoculation technique can never be ruled out as an 
explanation for inconsistent results, the high rate of artificial 
infection of C. rotundus with B. cvoeri from C. rotundus suggests that 
this is not the case.
Test results of isolate enzyme production on diagnostic madia are 
related to the epiphytic-endophytic condition of B. cvoeri. It should 
be noted that the enzymes tested were those primarily expected for in 
pathogens. Also, the tests that were employed may not be definitive.
For example, a few fungus species which produce no clearing of cellulose 
in vitro do form soft-rot cavities in wood fibers. (Carroll and
Petr ini, 1983). Hie results of enzyme tests of B. cyperi showed no 
apparent differences in enzyme production among isolates from
C. rotundus or C. virens. Lipolytic activity toward a simple lipid 
substrate was present among all isolates. Carroll and Petr ini (1983) 
equate similar lipase activity among needle endophytes with the ability 
to lyse articular waxes. This biochemical attribute could be associated 
with leaf penetration or egression, or the utilization of the cuticle as 
a nutrient source (Macnamara & Dickinson, 1981). Destruction of wax by 
an epiphyte could permit leakage of nutrients onto the surface of the 
leaves (Fokkema, 1981), or facilitate translocation of metabolites 
through the cuticle. Smith et al. (1985) have demonstrated reciprocal 
translocation of carbohydrates across the cuticle of bahia grass 
fPasoalum notatum Flugge) and the stroma of Mvriooenospora atramentosa 
(Bert & Curt.) Diehl, another Balansia epiphyte, unfortunately, since 
individual lipases are highly specific for fatty acid binding sites, one 
cannot interpret a positive reaction for lipase activity using sorbitan 
monolaurate (Tween 20) as substrate to denote production of lipases that 
cleave high molecular weight lipids, such as waxes. This test should be 
repeated using a more complex lipid substrate. While plant pathogens 
tested positive for lipase activity, Harikin and Anagnostakis (1975) 
fond that few saprdbes produced lipases in natural samples from an 
active leaf compost pile. Balansia obtecta in this study, as well as 
most of the needle endophytes in the study conducted by Carroll and 
Petr ini (1983), also produced lipases, but in contrast they also tested 
positive for pectate lyase. One would expect a successful endcphyte to 
be able to utilize pectin in the middle lamella as a substrate. The
Isolates of B. cvoeri failed to shew production of pectate lyase.
Unlike plant pathogens and seme of the needle endophytes, isolates of 
B. cvoeri showed no other activity in these tests, except for 
phosphatase. This suggests that isolates of B. cyperi are incapable of 
degrading complex substrates such as cellulose, and mist rely on simple 
sugars as nutrient sources. These enzyme characteristics reinforce the 
view that B. cvoeri is epiphytic on Cvoerus spp. (Clay, 1986b? 
leuchtmann and Clay, 1988a), and suggest that earlier reports of 
B. cvoeri as endophytic on C. virens (Edgerton, 1919., Diehl, 1950), are 
incorrect. These tests also suggest that, given their limited 
degradative capabilities, isolates of B. cvoeri are more like 
ectcmycorhiza (mutualistic symbionts) than latent pathogens (Hacskaylo, 
1973).
Culture, enzyme production, and cross inoculation studies have 
provided information on the similarities and differences between 
isolates of B. cvoeri from C. rotundus and C. virens. While much 
information was obtained from these tests, more work is warranted on the 
relationship between the host isolates of B. cvoeri. as well as 
reinvestigation of the earlier described species. Parallel 
methodologies should be applied to numerous isolates of all species of 
Balansia in order to accurately assess the species limits of this genus. 
Comparable information on endophyte-epiphyte condition, enzyme 
production, and cross infection may provide information about elaborate 
upon intraspecific relationships and a possible host shift in the genus.
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Figure 1. Balansia cvoeri. Conidia and cxnidiophores.
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Figure 2. Grcwth-tenperature relationships of isolates of £. cvoeri 
grown on 1/2 CMA in the dark. Measurements are averages of 3 replicates 
per isolate per temperature. Isolate numbers are identified in Table 2.
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Table 1. Colony characterists of isolates of B. cvoeri on several solid media.1
Criteria PDA 1/2 CMA Leonian's
Color Tan White White to pink
Reverse color Pale brown to yellow White to beige Yellow pink to yellow
Texture Raised, fleshy, wrinkled Oppressed, sparce Velutinous to cottony
Spore Acicular, one-oelled 
hyaline, verticillate
Acicular, one-celled 
hyaline, verticillate
1Incubation for 14 days at 25C in the dark. Three replicates per isolate.
Table 2. Conidia and vegetative hyphae dimensions of isolates of B. cyperi on 1/2 CMA.
Host Isolate # Collection Site Conidium size Hypha width
(L x W)
C. rotundus 8701 Baton Rouge, LA 5.0 - 18.75 X 1.25 - 2.5 2.5-3.75
C. rotundus 8705 New Orleans, IA 5.25- 10.75 X 1.0 - 2.5 1.0-4.5
C. rotundus 8707 Hansnond, IA 5.6 - 12.0 X 1.0 - 3.0 2.0-3.5
C. virens 8601 Creole, IA 6.0 - 12.25 X 1.25 - 2.5 2.5-4.25
In urn, 10 measurements per replicate, 3 replicate plates per isolate. Incubation for 14 days at 25C 
in the dark.
VO
Table 3. Conidia production by isolates of B. cvoeri on 1/2 CMA in the dark.
Host Isolate # Collection Site Conidia per plate (x 105)1
C. rotundus 8701 Baton Rouge, IA 24.33 + 2.29a2
C. rotundus 8705 New Orleans, IA 26.33 + 1.05a
C. rotundus 8707 Hammond, IA 23.0 + 0.97a
C. virens 8601 creole, IA 13.14 + 1.32b
^Wean of 6 counts with 2 saitples per replication, 3 replicate plates per isolate. Incubation for 14 days at 
25C in the dark.
Means are presented + one standard error.
2Numbers followed by the same letter are not significantly different according to Scheffe test (P < 0.05).
o
Table 4. Enzyme production on solid media.
Enzyme
8701
B. cvoeri
8705 8707 8601
B. obtecta
Amylase - - - - -
Lipase .31 .19 .29 .15 .22
EMAase - - - - -
RNAase - - - - -
Protease - - - - -
Polygalacturonase - - - - -
Pectate lyase - - - - +
Phosphatase + + + + +
Cellulase - - - - -
Incubation in the dark at 25C. Media were at pH6 (except for testing polygalacturonase and pectate lyase 
activity) and contained no antibiotics, four replicates per isolate.
+ = positive reaction; - = negative reaction.
Numbers indicate positive reaction, width of zone of clearing is divided by colony diameter.
Isolate numbers identified in Table 2.
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Table 5. Inoculation treatments of C. rotundus with one isolate of B. cvoeri from £. rotundus.
Pne inoculation 
Treatment
Plant Part Fungus Technique Post inoculation1 Number
Inoailated
Percent
Infected
--------- Rhizcmes-tubers 
(9 da post plant)
conidial 
suspension 
(1CP per ml)
dipped — 15 6.7
shoots (9 da 
after sprouting)
oonidial 
suspension 
(1(P per ml)
atomized □VHH 48 hr 15
15
0
0
tubers (preplant) condial 
suspension 
(1CP per ml)
soaked 15 0
-------- shoots (7 da) mycelium-agar
block
placed into 
rosette
DK/HH 48 hr 15
15
0
0
-------- shoots (7 da) mycelium-agar
block
needle
injection
------ 15 26.7
sterile rhizome (7 da 
after sprouting)
mycelium-agar
block
needle
injection
DK/HH 7 da 15 40
sterile tuber macerated agar 
culture
sprouted in 
culture
DK/HH 15 13.3
1DK - dark; HH - humidity 100%.
Table 6. Success of infection of sprouted tubers of C. rotundus inoculated by needle injection
with four isolates of B. cvoeri into rhizomes.
Isolate # Host plant # of rhizomes1 
surviving after 
inoculations
# of plants 
showing infection2
8701 C. rotundus 92/100 47
8705 C. rotundus 80/100 56
8707 C. rotundus 96/100 62
---- control 15/25 0
8601 C. virens 95/100 3
---- control 23/25 0
-^ Conditions under which tubers were prepared for inoculation and mode of inoculation of rhizomes 
(one per tuber) in text.
2Infection noted either by presence of stroma on inflorescence or by hyphae surrounding shoot apex.
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INTKDDDCTICN
Current interest in organismal interactions has prompted recent 
studies of fungal endophytes of grasses. While a body of information is 
accumulating on fungal endophytes, the relationship between closely 
related fungi which form epiphytic associations with grasses and some 
sedges is less well known.
DeBary (1863) coined the term "endophyte" to describe the growth 
habit of Epichloe tvrhina (Pers.) Tul. He demonstrated that the 
external fruiting bodies of this member of Balansiae arose frcsn hyphae 
located throughout the grass. Since that time hundreds of species of 
scsne 80 genera of grasses have been found with endophytic infections of 
species of the Balansiae (Clay, 1988). Because there is inconsistent 
expression or complete lack of symptoms in some hosts, the host range is 
probably larger and more diverse than previously reported. Known hosts 
are primarily members of the plant families Poaceae and Cyperaceae, 
grasses and sedges which are widespread and often economically important 
as forage crops or major weeds.
Several studies of endophytic species of the Balansiae fungi have 
focused on resistance of endophyte-infected grasses to insects (Funk et 
al.. 1983; Clay et al.. 1985; Hardy et al., 1985; Latch et al.,1985). 
Evidence suggests that infected grass resistance to insect herbivory may 
be based on alkaloid production by the fungus. Methanol extracts frcm 
tall fescue (Festuca arundinacea Schreb.) infected with the endophyte, 
Acremonium coenophialum Morgan-Jones & Gams, deterred feeding and 
substantially increased mortality of the large milkweed bug, Oncopeltus
fasciatus (Dallas) (Johnson et al., 1985). Ihese extracts contained a 
high concentration of N-acetyl- and N-fornyloline alkaloids known to be 
involved with seme livestock poisonings (Hooper, 1978). Differences in 
leaf quality between fungus-infected and uninfected hosts [such as 
moisture and carbohydrate content], which have been detected in several 
studies (Smith et al. .1985? Hardy et al., 1986), mi^ht also help explain 
differences in insect feeding behavior.
Hie primary objective of this study was to determine the effect of 
an epiphytic infection of Balansia cvoeri Edg. on Cvoerus rotundus L., 
purple nutsedge, on growth and development of Soodootera fruaioerda 
(J.E. Smith), the fall armyworm (FAW) in non-choice and preference in 
vitro feeding tests. larvae of the FAW are generalist herbivores of 
graminoids and known feeders on purple nutsedge. (Luginbill, 1928).
Leaf quality factors that might affect insect preference or development 
and the possible presence of alkaloids were examined to detect 
differences in leaves from infected and uninfected plants.
MA1ERIAIS AND ME3B3DS
Collection and growth of stock plants. Purple nutsedge tubers were 
collected from two sites on the Louisiana State University (L5U) campus, 
Baton Rouge, Louisiana in September, 1986. In one of the sites the 
plants had diseased inflorescences characteristic of an infection by 
B. cvoeri (Clay, 1986b). Plants resulting from tubers collected from 
this site will be called "infected." In the other site, B. cvoeri did 
not occur. Plants resulting from tubers collected from this site will
be called "uninfected.'1 One hundred tubers per site were dug from the 
soil, rinsed in distilled water, and planted in 6 cm plastic pots filled 
with a sterilized soil mix consisting of top soil, sand, peat, aid 
perlite (2:2:2:1 ratio). The plants were grown in a greenhouse for five 
months under a natural light regime with temperatures varying from 
18-30C. Ihe pots were watered daily and fertilized weekly with a 
solution containing 15 ml complete fertilizer (Peters 20:20:20, W.R. 
Grace & Co.) per 3.785 L water. No pesticides were used at any time.
In January 1987, leaves were harvested for FAN feeding trials and leaf 
analyses.
Cytological techniques and culture methods. After the tubers had 
sprouted and vegetative shoots had emerged from the soil, plants were 
examined to confirm presence or absence of infection by B. cyperi.
Twenty pots per site were randomly selected and one shoot from each pot 
was examined for fungal hyphae surrounding apical meristems. A freehand 
cross section was ait with a single edged razor blade from tissue at the 
base of the shoot just above the basal bulb and stained with lactophenol 
cotton blue (Clay, 1986b). The stained sections were examined under a 
Nikon Optiphot microscope (lOOx), bright field illumination.
Five leaves per pot also were cut from both the inner and outer 
sections of randomly selected shoots from the same forty plants. The 
leaves were surface sterilized by agitating them in 90% ethanol for 
1 min followed by soaking for 3 min in a 50% solution of sterile water 
and undiluted bleach (5.25% sodium hypochlorite). The leaves were 
rinsed with sterile water, transferred to a sterile paper towel to dry, 
and cut into 5 sections per leaf with a sterile single edged razor
blade. Five different leaf sections, each from one of the five leaves 
sampled per pot, were placed on a malt extract (ME) agar (12.5 g malt 
extract and 20 g Difco Bacto-agar per liter of water) plate. The plates 
were incubated in a dark growth chamber at 25C, and the leaf segments 
were examined under a Nikon SMZ-10 dissecting microscope weekly for one 
month for evidence of hyphal growth. Resulting mycelium was transferred 
to a new plate, incubated, and scored. Only mycelium growing from the 
cut edges of the leaf blades were cultured, and the plates were scored 
only as to presence or absence of B. cyperi.
Throughout the purple nutsedge-EAW feeding tests, frass was 
collected from JAW larvae that had fed on leaves of infected or 
uninfected purple nutsedge. The frass was placed on ME agar plates, 
incubated in a dark growth chamber at 25C, and examined under a Nikon 
SMZ-10 dissecting microscope weekly for 1 month. As mycelium growth was 
detected it was transferred to new plates and incubated. Ratings were 
made only as to presence or absence of B. cvoeri.
Larval development and survival. FAW larvae (rice strain, Pashley,
1986) were obtained from the Department of Entomology, LSU, where a 
laboratory colony is maintained according to procedures described by 
Perkins (1979). The eggs were collected, put into plastic bags, and 
held in a growth chamber under a photqperiod of 14:10 I/D at 28 + 2C 
until they hatched. One neonate larva was placed into each of 200 
plastic Petri plates (15 x 1.5 cm) lined with moistened filter paper.
To compare the development and survival of the FAW when given no choice 
in diet, 100 dishes each were filled with 3 cm sections of leaves from 
either infected or uninfected plants. New leaves were added daily to
Insure that fresh food was always available to the larvae and that 
forced abstention from feeding did not occur. The leftover leaves and 
frass were removed and the filter paper was changed at each feeding.
The dishes were held in a growth chamber under a photoperiod of 14:10 
I/D at 28 ± 2C for the duration of the test.
Larval mortality was recorded at every feeding and surviving larvae 
were weighed on day 10. Upon pupation, each pupa was weighed then 
allowed to remain undisturbed until eel os ion. Days to pupation and days 
to adult eclosion were recorded for each larva.
Larval preference and amount of feeding. Concurrent with the non-choice 
test, FAW larval preference and amount of feeding were evaluated in a 
choice test. Single blade (4 cm) leaf portions were excised from 
infected and uninfected plants and placed about 3 cm from each other on 
moistened filter paper in 100 plastic Petri dishes (15 x 1.5 cm). The 
leaves were randomized among replicates. Five neonate larvae were 
placed between the two blades in each dish, and the dishes were kept in 
a dark growth chamber at 28 + 2C. The number of FAW larvae feeding or 
resting on each leaf per dish was recorded after 24 hours. A feeling 
rating (Leuck et al., 1974), based on percentage of leaf showing feeding 
scars, was assigned to each leaf blade per dish. Ratings (0-9) were 0 = 
no feeding, 1 = 10%, 2 = 20%, 3 = 30%, etc. Ratings from 1 - 3  were 
considered slight feeding, 4 - 6  intermediate feeding, and 7 - 9  
considerable feeding.
Leaf analysis. Additional purple nutsedge leaves from infected and 
uninfected plants, harvested for each feeding during the non-choice test 
and at the beginning of the preference test, were analyzed for leaf
water content and other food quality parameters. Individual blades 
(approximately 10 g fresh material per sairple) were weighed, dried in an 
open air dryer at 40C for 48 hr, reweighed, then ground in a Wylie mill 
to pass a 1 mm screen. Percent moisture [1 - (dry weight/fresh weight) 
x 100] was determined. Protein, fat, fiber, minerals, nitrogen, 
phosphorus, potassium, and certain minor elements were analyzed by the 
Feed and Fertilizer Laboratory, ISU, according to AQAC methods 
(Horowitz, 1980). An estimate of percent carbohydrates [1 - (protein + 
fat + fiber + minerals) x 100] also was determined.
Presence of alkaloids. The presence or absence of alkaloids in purple 
nutsedge leaves was determined modifying the procedures of Harbome 
(1973) and Hultin and Torssel (1965). Seventy g of fresh leaf tissue 
from infected purple nutsedge and 40 g of leaf tissue from uninfected 
purple nutsedge, which had been collected at each feeding during the 
non-choice test, were dried in an open air dryer at 40C for 48 hr. Each 
sample was allowed to stand overnight in hexane (10 x wt) after shaking, 
the mixture was filtered through Whatman #1 qualitative filter paper, 
and the process was repeated two more times. Each residue was suspended 
in 50 ml 2% HC1 by shaking, allowed to sit overnight, and filtered 
again. The filtrate was basified to pH 10 with 1 N NaOH then extracted 
in 3-150 ml portions of chloroform in a 1 L separatory funnel. The 
organic phase was evaporated in vacuo, fraction A; and the aqueous basic 
layer was made half-saturated with sodium sulfate and extracted 3 times 
in 50 ml portions of ethyl ether. The organic phase was evaporated 
in vacuo, fraction B.
Tests for alkaloids were run by suspending each fraction in 1 ml 
acetone by vigorous shaking and preparing thin layer chromatograms on 
silica gel GF-254 (Stahl, 1969). Three chromatograms were prepared per 
fraction per developing system per reagent, for a total of 54 
<hromatograms. The chromatograms were developed with chloroform, 
chloroforny'ethyl acetate (3:1 v/v), and chloroforny/methanol (4:1 v/v), 
dried, viewed under ultraviolet light (254 and 365 nm), then sprayed 
with 3 alkaloid reagents. Alkaloids were detected on the plate first by 
any fluorescence in ultraviolet light and then by appropriate reactions 
of the reagents. Dragendorff reagent (Sigma Chemical) (K Iodide, 0.11 
M, acetic acid, 3.5M, bismuth subnitrate, 0.6M) produces orange spots on 
a yellow background for alkaloids and quaternary nitrogen compounds. 
Iodoplatinate (Sigma Chemical) (K chlorcplatinate, 0.15%, K Iodide, 3.0% 
in dilute HC1) produces dark blue to black spots on reddish-pink 
background at the presence of alkaloids and other organic nitrogen 
compounds. Ehrlich reagent (Sigma Chemical)
(4-dimethylaminbbenzaldihyde 1% in acidified (HC1) methanol) produces 
purple to blue colors after heating for 5 min at 80C when in contact 
with indoles and ergot alkaloids (Treiber, 1987). A positive reaction 
for all three reagents was necessary to confirm presence of alkaloids 
(Hultin & Torssel, 1965).
Data analysis. larvae and pupae weights and days within each 
developmental stage in the non-choice experiment, and percent moisture 
and other leaf quality parameters were analyzed by Student's t-test 
procedure (SAS, 1985). Survival differences in the non-choice test were 
determined using Chi-square test (SAS, 1985). For the preference test,
Wilcoxon matched-pairs signed-rank test was used to evaluate neonate 
larvae distribution and amount of feeding on leaves from infected and 
uninfected purple nutsedge (Siegel, 1956). Ties were ignored. Since 
there were no differences in significance levels between log transformed 
and untransformed nonpercentage data and arcsine-transformed and 
untransformed percentage data, only results from untransformed data are 
given.
RESULTS
figg-ierai observations on examined plants and cultured leaf blades. 
Balansia cvoeri was never found as an internal colonizer of leaves from 
infected purple nutsedge. Mycelium of B. cyperi was present externally 
surrounding shoot meristems in 95% of the infected plants examined.
There was no evidence of infection by B. cvoeri on uninfected plants. 
Balansia cvoeri was never isolated from the frass collected from FAW 
larvae feeding on leaves from infected or uninfected purple nutsedge. 
Throughout the non-choice test, there were no differences in survival 
between larvae fed leaves from infected purple nutsedge (81%) or leaves 
from uninfected purple nutsedge (73%) (Table 1). Percent survival was 
high on both feeding regimes and the average days from hatching to adult 
eclosion, 27.6 for larvae reared on leaves from uninfected purple 
nutsedge and 26.9 for larvae reared on leaves from infected purple 
nutsedge (Table 1), were similar to that reported by Iugiribill (1928) 
for EAW on preferred hosts. larval weight at 10 days and length of 
larval period distributions show a trend for larvae fed leaves from 
infected purple nutsedge to be smaller and take longer to pupate than
larvae fed leaves from uninfected purple nutsedge (Figures 1 and 2).
Mean larval weights at 10 days for FAW fed from infected plants averaged 
71.5 mg as compared to 87.6 mg for fall armyworm fed from uninfected 
plants (Table 1). While pupal weights did not differ between the two 
groups of insects, days to pupation varied significantly. The mean 
larval period was extended by nearly a day for FAW larvae fed infected 
leaves (Table 1).
Neonate larvae preferred leaves from uninfected plants when 
provides with leaves from both infected and uninfected purple nutsedge. 
After 24 hr, 55.1% of the larvae were found feeding or resting on leaves 
cut from uninfected purple nutsedge compared with 37.9% of the larvae 
found on leaves cut from infected purple nutsedge (Table 2). Even more 
notable was the fact that many larvae fed extensively on the leaf 
segments from uninfected plants and did not feed at all on infected 
plant material. Seme larvae made initial feeding probes on the leaf 
material from infected purple nutsedge before moving on to leaves from 
uninfected purple nutsedge, while others completely stripped the 
uninfected leaf segments before moving on to the infected leaf blades. 
This behavior resulted in a significantly higher mean feeding rating on 
the uninfected purple nutsedge, 7.24, versus 2.96 for uninfected leaves 
(Table 2).
There were no differences between leaves sampled from infected 
purple nutsedge and uninfected purple nutsedge as to moisture, protein, 
fat, minerals, carbohydrates, nitrogen, phosphorus, potassium, or sulfur 
content (Table 3). Iron varied significantly, 489.29 ppm in leaves from 
infected purple nutsedge, 150.78 ppm in leaves from uninfected plants,
as did calcium., 647.3 in leaves from infected purple nutsedge, 929.50 
ppm in leaves from uninfected plants. However, the error terms were 
extremely high. In both cases approximately six observations were 
exceeding high and when emitted from the analyses, no significant 
differences resulted. There were significant differences in fiber and 
zinc content. I/eaves from infected purple nutsedge contained on average 
.8% more fiber and 6 ppm more zinc than leaves from uninfected purple 
nutsedge (Table 3). Although there was no evidence of alkaloids in the 
leaf tissue from infected or uninfected plants with the techniques used 
in this study, the chromatograms developed of fraction A leaves from 
infected plants had two visible spots which were not present on the same 
chromatograms of fraction A leaves from uninfected plants. The nature 
of these compounds is unknown.
DES0D5SIGN
The results from examined plants and cultured leaf blades of purple 
nutsedge infected with B. cvoeri confirm an earlier report by Clay 
(1986b) that perennial infection by B. cvoeri on purple nutsedge is 
epiphytic. The tubers collected from infected populations produced 
plants that were infected epiphytically with B. cvoeri and the tubers 
collected from uninfected populations produced plants free from 
infection. Since plants from diseased populations often are 
asymptomatic, it is not known whether the expression of the disease is 
suppressed or whether the observed variation in symptoms represents an 
escape from infection (Clay, 1986b). Since purple nutsedge is prolific 
and may outgrow the infection, as has been suggested for seme grasses
infected with related Balansiae (Diehl, 1950; Rykard et al.. 1985), it 
was necessary to confirm the presence of B. cyperi in infected 
papulations.
Since B. cvoeri mycelium on purple nutsedge has only teen found 
surrounding sheet meristems and inflorescences, and sometimes in mats on 
the bases of very young leaves (Clay, 1986b), it can be assumed that the 
FAW never ingested the fungus. The leaf blades fed to the FAW were cut 
well above ground level, and no inflorescences were ever fed to the 
larvae. Unlike the grazing habit of ruminants, where the entire plant 
may be ingested, phytophagous insects eat at a more local scale and may 
avoid eating an epiphytic fungus. In a feeding experiment with Stioa 
leucotricha Trin. & Rupr. infected with Atkinsonella hvooxvlon (Pk.) 
Diehl, the FAW would not consume stramatic tissue of the fungus on the 
surface of the leaves (Clay et al., 1985). Unlike systemic endophytic 
infections of Balansiae which may be located throughout the aerial plant 
body (Diehl, 1950) and in all probability consumed by phytophagus 
insects, the ingestion of the fungus tissue can be ruled out as a 
possible mechanism of insect resistance in this study.
The three major components of plant resistance to insects are 
antibiosis, non-preference, and tolerance (Painter, 1958; Wiseman,
1985). When adverse effects on an insect's life history are caused by a 
host plant, antibiosis is the mechanism of resistance. Antibiosis may 
slow the development of pests so that an insect population is in better 
synchronization with parasitism or predator life cycles, thus lowering 
fitness. Our data show lower weight and increased longevity for FAW 
larvae fed leaves from infected plants, but while the effects are
statistically significant, they are small and do not result in increased 
mortality of early instars (data not shown) or decreased survival (Table 
1). This suggests that the antibiotic effects are minimal, since early 
instars are reportedly more sensitive to resistance mechanisms (Reese, 
1979; Hardy et al., 1986), and that the effects may be the result of 
nutritional disturbances, not chemicals acting as toxins which generally 
cause high insect mortality (Painter, 1958).
Purple nutsedge is a highly suitable host for the FAW. This is 
shown by the high survival of FAW on both feeding regimes as well as 
length of development not differing statistically (data not shown) from 
length of development of the FAW on preferred hosts (Luginbill, 1928). 
Purple nutsedge quality may compensate for negative effects caused by 
association with a fungus. This was suggested by Hardy et al. (1985) in 
rearing studies using FAW and perennial ryegrass, holium perenne L., 
infected with the endophyte, A. loliae Latch, Christensen & Samuels.
They observed no differences in survival; however, larval weights were 
lower and larval developmental time was extended when fed infected 
leaves. Clay et al. (1985) fed FAW larvae both infected and uninfected 
perennial ryegrass grown in a greenhouse and field grown. Infected 
field grown plants lowered survival of the FAW significantly compared 
with infected greenhouse plants. While this study did not address the 
question of host suitability nor describe the fertilizing or watering of 
field grown plants, it is likely that field grown plants were less 
consistent in nutritional quality than greenhouse plants that were 
watered and fertilized regularly. Several studies have shown that 
expression of host plant resistance to the FAW could be increased or
decreased depending cm the manipulation of host crop nutrition (Wiseman 
et al., 1973; Leuck et al.. 1974).
When certain plant characters cause an insect to avoid a plant for 
oviposit ion, food, or shelter, non-preferenoe is the responsible 
mechanism (Painter, 1958). Non-preference can dramatically reduce the 
feeding of a pest on a certain plant papulation or adversely influence 
larval behavior to such an extent as to make the insect vulnerable to 
parasitism or predation (Wiseman, 1985). Results of the preference test 
suggest that non-preference may be the primary mechanism of resistance 
affecting the feeding behavior of the FAW. Hardy et al. (1986) found 
neonate larvae of FAW to prefer uninfected tall fescue (Festuca 
arundinaoea Schreb.) infected with A. coenaphialum and to feed 
significantly less on infected leaves compared to uninfected leaves. 
Other insects, such as adult Argentine stem weevils (Listronotus 
bonariensis Kuschel), have been shewn to prefer grasses not infected 
with an Acremonium Link endophytic fungus as opposed to infected grasses 
(Barker et al., 1984). Antibiosis appears to be minimal because while a 
significant number of FAW larvae chose to feed on leaves from uninfected 
purple nutsedge, their development was not greatly inhibited when reared 
on infected leaves. Decreased weight at 10 days and delayed development 
could have resulted from initial reluctance of FAW to feed on infected 
leaves.
The FAW completely defoliates a plant while feeding (Luginbill, 
1928), and while there has been controversy in the literature, most data 
suggest that intense herbivory is detrimental to a plant (Belsky, 1986). 
Since FAW larvae are very mobile (Luginbill, 1928), and could possibly
move to an uninfected plant rather than feed on purple nutsedge infected 
with B. cvoeri. infected purple nutsedge could have a selective 
advantage over uninfected plants or other FAW hosts growing in close 
proximity if only fungus-free plants were eaten. The mechanism of 
non-preference could be based upon an olfactory, gustatory, or tactile 
repellarrt caused by the presence of the fungus mycelium on the plant 
surface or by phytoalexins produced by the plant in response to fungus 
attack. FAW could avoid leaves of purple nutsedge infected with 
B. cyperi because they are nutritionally inferior from supporting a 
bictrophic epiphyte or because they contain compounds produced by the 
plant and/or fungus which interfere with nutrient uptake or plant 
metabolism. There is little concrete evidence frcsn insect feeding 
studies, however, to suggest that certain plants are avoided because 
they are nutritionally inadequate (Harbome, 1982).
An increase in lignin or fiber content is a relatively inex­
pensive defense allocation mechanism compared to the accumulation of 
seme secondary compounds such as alkaloids (Coley et al., 1985). This 
response has been noted in grasses attacked by some pathogenic fungi 
(Harbome, 1982). The possible influence of increased fiber content of 
leaves from infected purple nutsedge compared to uninfected leaves on 
the feeding behavior of the FAW raises difficult questions. There is 
abundant evidence that increased fiber content is inversely related to 
digestibility in livestock nutrition (Crairpton et al., 1938; Utley et 
al.. 1978; Hannaway & Reynold, 1979); however, it has been considered 
only recently as a factor in insect nutrition (Utley et al., 1973; 
Scriber and Slansky, 1981). Although increase in fiber content of
leaves from infected plants is small, it might decrease digestibility 
enough to explain both the slower weight gain and increased 
developmental time of FAW given no choice in diet or contribute to 
preference for uninfected leaves. Again, while insects may be attracted 
or repelled by a variety of plant characters, whether they search cut 
plant hosts that maximize feeding efficiency is unknown.
Leuck et al. (1974) have shown that certain mineral elements, 
including zinc, have insecticidal effects when sprayed on horticultural 
crops at hi<$i concentrations. In addition, Painter (1958) points out 
that small changes in plant nutrition greatly affect insect feeding 
behavior. Our results indicate that zinc content of leaves from purple 
nutsedge infected with B. cyperi is significantly higher than zinc 
content of uninfected leaves. Small increases in levels of zinc could 
contribute to slight levels of antibiosis and/or nonpreference of the 
FAW to purple nutsedge infected with B. cvoeri.
Species of Balansia produce ergot alkaloids in vitro (Bacon et al.. 
1979) and when alkaloids are fed to FAW, decreased developmental time 
and increased mortality of the insect results. (Clay, 1988). Many of 
the insect feeding studies with grasses infected with Balansiae 
endophytes or Acremonium relatives suggest a direct relationship between 
insect resistance and alkaloid production by the fungus (Johnson et al., 
1985? Rowan et al., 1986). No alkaloids were present in leaf tissue 
ingested by FAW as indicated by the methods used in this study. But, 
because alkaloids are heterogeneous chemically and vary in solubility, 
general screening procedures for detecting alkaloids in plants may fail 
to detect particular compounds. It is interesting to note, however,
that species of Clavioeps Tul., related ovarian parasites known for 
ergot alkaloid production (Groger, 1972), have never been shewn to 
affect insect resistance of host plants. Like B. cvoeri. they do not 
live as endcphytes within leaf tissue. Two additional spots on 
chromatograms of fraction A leaf extracts suggest that other compounds 
may be undergoing de novo synthesis or activation due to the presence of 
the fungus. Chemicals that accumulate due to attack by a fungus can 
have activity against herbivores. For example, phytoalexin 
isoflavonoids produced by soybean [Glycine max (L.) Merrill] in response 
to fungus attack deterred the feeding of several insects (Sutherland et 
al.. 1980). These compounds could be affecting the feeding behavior of 
the FAW, or they could be interacting with essential plant nutrients 
affecting bioavailability. Unfortunately, while evidence of such 
interactions abound in vertebrate literature (Reese, 1979), 
investigation of the role of allelochemical/nutrient interactions in 
insect diets is rare.
The relationship between purple nutsedge, B. cvoeri. and the FAW is 
complex. Fungus-mediated resistance in purple nutsedge infected with 
B. cvoeri to FAW in the laboratory, if applicable to natural 
populations, would represent a beneficial interaction between fungus and 
plant. While the exact mechanisms of resistance are unclear, it seems 
likely that resistance to the FAW by purple nutsedge infected with
B. cvoeri is based on a combination of factors. Purple nutsedge, 
thought by many to be the "world's worst weed" (Holm et al., 1977), is 
difficult to manage in agriculture systems even with current advances in 
herbicide technology (Standifer, 1974). Increased resistance to the
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FAW, and to other insects in general, cculd make controlling this weed 
more difficult.
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Figure 1. Distribution of 10 day weights (mg) of FAW larvae fed leaves 
from infected and uninfected purple nutsedge.
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Figure 2. Distribution of larval period in days for FAW larvae fed 
leaves frtan infected and uninfected purple nutsedge.
Table 1. Effect of diet on the development of the FAW fed leaves from infected and uninfected purple
nutsedge.
Wt. (mg) Days to
% Survival
Larval (10D) Pupal Pupation Adult Eclosion
Infected 71.5 ± 0.002** 171.7 ± 0.002 19.2 + 0.09*** 8.4 ± 0.06 81.3
(81) (79) (79) (78) (78/96)
Uninfected 86.6 ± 0.004 175.2 ± 0.002 18.4 ± 0.11 8.5 + 0.08 73.2
(75) (72) (72) (71) (71/97)
Asterisks indicate significant differences between infection levels as determined for percent survival 
by Chi-square test and for all other variables by Student's t-test (**P < .001; ***P < .0001).
Means are presented + one standard error with sample sizes in parentheses.
Table 2. Neonate FAW preference and feeding rating for leaves from infected and uninfected purple
nutsedge.
Infected Uninfected
Preference (%)a 37.9 55.1*
No preference (%)k 7.0
Feeding rating 2.96 ± 0.10 7.24 + 0.12***
Asterisks indicate significant differences between infection levels as determined by the Wilooxon 
matched-pairs signed-rank test (*P < .01; ***P < .0001). Feeding ratings are presented as + one 
standard error.
aResults determined by the presence of larvae on either infected or uninfected leaves after 24 hours. 
Five neonate larvae per dish; n = 100 dishes per infection level.
^Results determined by larvae left wandering after 24 hours.
cFeeding rating; 0, no feeding; 1-3, slight feeding; 4-6, moderate feeding; 7-10, considerable feeding.
VO
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Table 3. Leaf analysis of infected and uninfected purple
nutsedge.
Parameter Infected
(21)
Uninfected
(18)
Moisture (%) 79.07 ± 0.01 80.82 ± 0.01
Protein (%) 12.54 ± 2.47 12.19 ± 1.94
Fat (%) 2.88 ± 0.27 2.94 ± 0.32
Fiber (%) 23.00 ± 0.51* 22.20 ± 0.27
Minerals (%) 9.12 ± 0.68 9.50 ± 0.72
Cabchydrates (%) 43.08 ± 1.85 46.65 ± 3.08
Nitrogen (%) 1.90 ± 0.07 1.87 ± 0.07
Riosphorus (%) .40 ± 0.02 0.41 ± 0.02
Potassium (%) 1.81 ± 0.10 1.89 ± 0.07
Iron (PEM) 489.29 ± 218.85*** 150.78 ± 29.33
C&lcium (PEM) 647.33 ± 83.61 929.50 ± 166.90**
Zinc (PEM) 25.81 ± 3.83*** 19.42 ± 1.15
Sulfur (%) .17 ± 0.01 .19 ± 0.01
Asterisks indicate significant differences between infection 
levels as determined by Student's t-test (* P < .05; ** p < .01; 
*** P < .0001).
Means are presented + one standard error. Saitple sizes are in 
parentheses under each infection level.
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Chapter 4. FUngitcodc effects of 
Balansia cyperi and the leaves 
of purple nutsedge infected with 
Balansia cyperi.
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A clavicipitaceous fungus, Balansia cyperi Edg., tribe Balansiae, 
attacks purple nutsedge (Cvperus rotundus L.) and often causes the 
abortion of the developing inflorescence by producing a stroma at the 
top of the flowering stalk (Clay, 1986). Mycelium of B. cyperi is also 
found surrounding shoot meristems and tuber bods of purple nutsedge, 
(Clay, 1986), but the mycelium never becomes endophytic as it does in 
Balansia obtecta Diehl and in other species of Balansia on grass hosts 
(Diehl, 1950). While infection by this epiphyte may cause 
sterilization of its host, it has been shewn that B. cyperi benefits 
purple nutsedge by enhancing vegetative growth and increasing resistance 
to the fall armyworm (Soodoptera fruqioerda [J. E. Smith]) (Stovall and 
Clay, 1988; Stovall and Clay, unpublished). Since purple nutsedge 
reproduces asexually, rarely producing viable seeds (Smith and Fick, 
1937), sterilization may have a beneficial effect by inhibiting the 
flowering process. The loss of sexual reproduction does not deny purple 
nutsedge genetic variability nor the ability for propagules to be 
dissiminated over great distances. Several phenotypes that vary in 
glume color are known (Parker, 1972; Holm et al., 1977), and the 
extensive spread of reproductive tubers by both abiotic and biotic means 
is well documented (Holm et al., 1977). It has been suggested that some 
of the endophytic Balansiae fungi form mutual istic and not pathogenic 
relationships with their hosts (Carroll, 1988; Clay, 1988). Uiis also 
may be the case with an epiphytic infection of B. cyperi on purple 
nutsedge.
Preliminary evidence supports the viewpoint that some of the 
Balansiae endophytes of grasses provide to their hosts protection againt
virulent pathogens. Culture filtrates of Acremonium ooenophialum 
Morgan-Jones & Gams, an endophyte of Festuca arundinaoea Schreber;
A. loliae latch, Christensen & Samuels, an endophyte of Lolium perenne 
L.; and a similar endophyte of F. versuta Beal inhibited in vitro growth 
of Rhizoctonia oerealis van der Hoeven (White and Cole, 1986).
Acremonium ooenaohilum also inhibited growth of several soil fungi 
including Niorospora schaerica (Saoc.) Mason, Fhcroa sorohina (Sacc.) 
Boerema, Dorenbosch & van Kesteren, and R. oerealis. recognized grass 
pathogens (White and Cole, 1985). Epichloa tvtiiina (Pers.) Tul., which 
invades Fhleum pratense L., was found to be resistant to the pathogen 
Cladosporium rhlei (Gregory) de Vries and to produce three 
sesquiterpenes which are fungitoxic (Yoshihara et al., 1985). The 
purpose of this study is to determine if B. cvperi. an epiphytic member 
of the Balansiae, exhibits fungitoxic effects toward test fungi 
in vitro, and if an infection by B. cvperi on purple nutsedge might 
confer disease resistance to its host by retarding or inhibiting the 
growth of potentially pathogenic fungi. If this is the case, increased 
resistance to pathogenic fungi would be another source of positive 
selective pressure for the fungus-higher plant relationship? the 
information presented here adds evidence to strengthen the suggestion 
that the relationship is truly mutualistic and not pathogenic.
MKTERIAIS AND ME3H0DS
The investigation of the fungitoxic responses of various fungi to 
an epiphytic infection of B. cvperi on purple nutsedge was conducted in 
three phases: 1) culture studies to determine epiphytic and endophytic
fungi that inhabit the leaves of infected and uninfected purple 
nutsedge, 2) in vitro growth tests of nine fungus species toward
B. cyperi. B. cvperi culture medium, and extracts from both, and 3) 
in vitro growth tests of nine test fungi toward extracts from leaves 
infected with B. cvoeri and leaves from uninfected plants. The fungi 
used in this investigation were B. cvperi. an epiphyte on purple 
nutsedge (Clay, 1986); Fusarium oxvsporum Schlecht., a wilt-producing 
fungus which attacks many horticultural crops (Alexopoulos and Mims, 
1979); Rhizoctonia orvzae Ryker & Gooch, the causative agent of rice 
sheath spot and a known pathogen of many monooots and dicots (Ryker and 
Gooch, 1938); and R. solani Kuhn, a soil inhabiting pathogen which 
causes a variety of diseases such as root rots and damping off on a 
tremendous range of host plants (Alexopoulos and Mims, 1979).
Trichoderma harzianum Rifai, and unidentified species of Cladosoorium 
Link ex Fr., Penicillium Link, and AT terraria Nees., all ubiquitous soil 
fungi and possible plant pathogens, were also used (Barron, 1972; 
Dickson, 1981).
Hosts, isolate numbers, collection sites, and dates of isolation 
are given below for all fungi used throughout this study: B. cvoeri.
C. rotundus. 8701, Baton Rouge, East Baton Rouge Parish, LA, V 1987;
F. oxvsporum. C. rotundus, 8604, Pcplarville, Pearl River Co., MS, XI 
1986; F. oxvsporum. C. rotundus. 8605, Fqplarville, Pearl River Co., MS, 
XI 1986; F. oxvsporum. C. rotundus. 8606, Pcplarville, Pearl River Co., 
MS, XI 1986; R. orvzae. C. rotundus. 8607, Pcplarville, Pearl River Co., 
MS, XI 1986; R. solani. C. rotundus. 8708, Baton Rouge, East Baton Rouge 
Parish, LA, VIII 1987; T. harzianum. C. rotundus. 8709, Baton Rouge,
East Baton Rouge, IA, VIII 1987; Cladosporium sp., C. rotundus. 8710, 
Baton Rouge, East Baton Rouge, IA, VIII 1987; Fenicillium sp.,
C. rotundus. 8711, Baton Rouge, East Baton Rouge, IA, VIII 1987; and 
Altemaria sp., C. rotundus. 8712, Baton Rouge, East Baton Rouge, IA, 
VIII 1987. All isolates are maintained at Louisiana State University 
(ISU), and those identified to species have teen sent to the American 
Type Culture Collection (ATOC).
Isolation of fungi and culture studies. Balansia cvoeri was cultured 
from conidial stromata on inflorescences of purple nutsedge which were 
cut from a natural stand on the ISU campus, Baton Rouge, IA. The 
aborted inflorescences were surface sterilized by agitating in 90% 
ethanol for 1 min followed by 3 min in a 50% solution of sterile water 
and undiluted bleach (5.25% sodium hypochlorite). They were rinsed with 
sterile water, transferred to a sterile paper towel to dry, and 
dissected into 4-6 pieces with a sterile scalpel. The pieces were 
placed on 90 mm Petri plates of fresh 2% malt extract (ME) agar (12.5 g 
malt extract and 20.0 g Difco Bacto-agar per liter water) and incubated 
in a dark growth chamber for 2 weeks at 25C. Upon growth, mycelium was 
transfered to fresh plates of ME agar and to a sterile 500 ml Erhlemeyer 
flask containing 200 ml of ME (12.5 g malt extract per liter water).
The solid agar plates were cultured in a dark growth chamber at 25C for 
6 weeks until ready for vise. The liquid culture was placed on a 
Eberbach rotary shaker under flourescent lighting at 27C. After 6 weeks 
the mycelium was removed from the liquid culture medium by vacuum 
filtration through Whatman #4 qualitative filter paper and the filtrate
was passed through a Coming 0.45 micron membrane. The pH of the 
filtrate was 6.5. It was stored in a refrigerator at 0-5C until use.
Three isolates of F. oxvsporum and one isolate of F. orvzae were 
cultured from leaf lesions on purple nutsedge which were collected from 
plants at three locations on the South Mississippi Branch, Agricultural 
and Forestry Experiment Station, Pcplarville, MS. The plants appeared 
to be dying and had severely chlorotic leaves covered with necrotic 
spots. The leaves were surface sterilized and cultured as above. 
Isolates were stored as blacks of fungus mycelium on ME agar in capped 
test tubes (150 x 19 mm, pyrex) filled with sterile distilled water 
(Beckman and Payne, 1963). Individual isolates of R. solani. 
Cladosporium sp., T. harzianum. Fenicillium sp., and Altemaria sp. were 
obtained from cultured leaf blades cut from purple nutsedge plants 
randomly collected on the LSU campus from populations not infected with 
B. cvperi. Eight leaves per plant from 14 plants were surface 
sterilized and cut into 3 can sections. One section per leaf was 
randomly selected from all eight leaves and placed on a fresh ME agar 
plate and incubated in a dark growth chamber at 25C for eight weeks.
Ten 3-4 cm unsterilized leaf portions per plant were also incubated in a 
similar way. The plates were examined every day under a Nikon SMZ-10 
dissecting microscope for evidence of hyphal growth. Upon growth, 
isolation of fungi was carried out by direct transfer of conidia or 
mycelial fragments to fresh plates. The plates were incubated, and the 
identity of the fungal taxa established on the basis of cultural 
characteristics and the morphology of fruiting bodies and spores when 
these ultimately developed.
In order to compare the fungus inhabitants of leaves from purple 
nutsedge infected with B. cvperi with leaves not infected with 
B. cvperi. the sane procedures for collection, sterilization and 
identification as above were carried out for leaves collected from 19 
randomly selected plants from a known infected population on the ISU 
campus. Surface sterilized leaf segments for loth classes (infected, 
uninfected) were examined for the presence of endcphytes, identified as 
such because they grew in a circular pattern from the cut ends of 
cultured leaf blades (Bernstein and Carroll, 1977). ISie plates were 
scored at daily intervals for the first three weeks after the beginning 
of incubation and weekly for one more month thereafter. After five days 
unsterilized leaf sections were scored for the presence of epiphytic 
fungi which grew sporadically over the plates and on top of the leaf 
blades. Single and multiple compositions were scored per plate, however 
if the same fungus grew at two locations on the same plate, it was 
scored only once. Multiple colonization of endcphytes per leaf segment 
were not seen. Endophyte colonization rates (%) for purple nutsedge 
leaves either infected with B. cvperi or free from infection by 
B. cvperi were derived by dividing the number of times different 
endophytic fungi were isolated per class by the total number of plants 
per class inspected x 100. Ihe number of times a fungal taxa was 
identified per class was determined the same way. Data were arcs in 
transformed and chi-square tests were used to compare colonization 
frequencies between classes (SAS, 1985).
Preparation of extracts. Crude extracts of leaf tissue and fungus 
mycelium were obtained using a classical chemical procedure for
obtaining organic constituents from dried tissue (Harbome, 1984). The 
methods employed were those of liquid-solid and liquid-liquid 
extractions using a range of solvents of increasing polarity. All 
solvents were of analytical grade. Seventy-five grams of aerial leaf 
parts of purple nutsedge infected with B. cvoeri and 39 g of purple 
nutsedge free from infection by 3. cvoeri were collected from known 
populations on the ISU campus. The leaves were dried in an open-air 
dryer at 4QC for 48 hr in order to minimize the chemical changes that 
occur under hirfi temperatures (Harbome, 1984), reweighed, then ground 
in a Wylie mill to pass through a 1 mm screen. The fungal mycelium, 
that had been previously separated from the liquid culture medium, was 
washed in distilled water and lypholized at -70C for 24 hr in a Virtis 
freeze dryer, then weighed. The ground leaf tissue (17.27 g from 
infected plants, 8.97 g from uninfected plants) and fungus mycelium 
(3.69 g) were extracted sequentially with hexane, chloroform, and ethyl 
acetate. Each sample was soaked overnight in the solvent, and the 
extracts were clarified by filtration through Whatman #1 qualitative 
filter paper and concentrated in vacuo with a rotary evaporator at 40C. 
This process was repeated three times per solvent and the concentrated 
extracts were pooled and stored in a freezer at below 00. After ethyl 
acetate extraction, the ground tissues were dissolved in 2% (w/v) HC1 
and clarified. The pH of the filtrate was adjusted to 10.0 with a 
saturated solution of NaOH, extracted (3x) with ethyl ether in a 1 L 
separatory funnel, and the extracts were pooled, concentrated, and 
stored as the other samples (Figure 1).
Crude extracts of B. cvoeri culture medium were obtained by 
sequential liquid-liquid extractions (3x per solvent) with hexane, 
chloroform, ethyl acetate, and chloroform after adjusting the pH to 10.0 
with NaQH. The extracts were concentrated and stored as described above 
(Figure 2).
Growth tests of fungi toward B. cvperi. To test for direct antibiosis 
of B. cvperi toward other fungi, three experiments were conducted. For 
the first experiment the procedures of White and Cole (1985) were 
followed except for the addition of quantitated inoculum of the test 
fungi. Mycelial fragments of B. cvperi grown on ME agar were used to 
inoculate the center of 90 mm Petri plates of fresh ME agar and were 
incubated at 25C until the colonies were 20-30 mm in diameter. The 
plates were sprayed with calibrated csonidia or mycelium suspensions 
(lOper ml) of the following fungi: F. oxvsporum 8604, F. oxysporum
8605, F. oxvsporum 8606, R. orvzae 8607, R. solani 8708, T. harzianum 
8709, Cladosporium sp. 8710, Fenicillium sp. 8711, and Altemaria sp. 
8712. These suspensions were prepared by flooding the test fungi plates 
with sterile water and subsequently filtering through several layers of 
cheesecloth. Conidia or mycelium fragment concentrations were counted 
with a hemacytometer and adjusted with sterile water if necessary (Sah, 
1986). Four replicate plates were used for each fungus tested. Plates 
were incubated at 25C for an additional 7-14 days, after which time 
zones of growth inhibition were measured.
In the second experiment, using the modified procedure of White and 
Cole (1986), 7 mm diameter plugs were removed from the center of each of 
36 fresh ME plates and 0.6 ml of ME liquid culture filtrate was added to
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each well. As a control the wells of 9 plates were filled with fresh ME 
(adjlasted to pH 6.5). Each plate was sprayed with aqueous spore or 
mycelial suspensions of the test fungi. Four replicate plates plus one 
control were used for each fungus tested. The plates were incubated in 
the dark at 250 for 2-7 days, or until the test fungi reached the well 
of the control plates, after which the width of the zone of growth 
inhibition surrounding each well was recorded.
The third experiment involved the testing of crude extracts of 
fungus mycelium from B. cvperi grown in liquid ME and the testing of the 
crude extracts of the culture medium itself. The procedure was adapted 
from a bioassay used by Jacobsohn and Jaccfosdhn (1985). Whatman #1 
qualitiative filter paper was cut into 7 ram disks and sterilized for 20 
min in an American Sterilizer autoclave at 121C at 20 lb per sq in 
pressure. Test solutions were prepared from the crude extracts with 
acetone or water to have a concentration equal to that found in the 
fungus or leaf material (Table 4). For example, the hexane extract from 
mycelium of B. cvperi was 5.8% dry weight of the dry mycelial sample so 
"0.06 rag extract was dissolved in 1 ml of solvent. From these solutions 
75 1 were introduced onto each disk. Four replicate disks per test 
fungus were prepared. Control disks were also prepared losing 75 1 of
acetone or sterile water alone as the test solution. All disks were 
allowed to dry at room temperature under a Relialab transfer hood, then 
were placed in the center of fresh ME agar plates. The plates had 
previously been inoculated in the center with single loops of aqueous 
spore or mycelial suspensions of the 9 test fungi. A loopful contained 
between 200-1000 spores or mycelial fragments. The disks were placed on
top of the inoculum and the plates were incubated in the dark at 25C for 
2-7 days when the test fungi had noticeably grown out from under the 
control disks. At this time the plates were examined under a dissecting 
microscope and the amount of inhibition was noted. A rating scale based 
chi that of Pianan (1983) was used. If the fungus grew out from the 
paper disk comparable to its control, no inhibition was indicated (-); 
if scarce mycelium was found growing out from under the disk compared to 
the control, incomplete inhibition was indicated (+), and if the fungus 
failed, to grow from under the edge of the disk, complete inhibition was 
indicated (++).
Growth tests of fungi toward leaf extracts. Crude extracts of leaf 
tissue from B. cyperi infected and uninfected purple nutsedge were 
tested for antifungal properties according to the methods described 
above. At the time of examination, however, the diameter of the fungus 
colonies were measured. Results were calculated as the ratio of the 
diameter of a fungus colony covered with a disk saturated with a 
particular leaf extract to that of the diameter of the same fungus 
colony covered with a disk soaked in the corresponding control solution. 
The ratio was referred to as E/C.
Data were arcs in transformed and subjected to three-way factorial 
analysis of variance procedures (SAS, 1985). Treatment means were 
separated by Fischer's protected LSD. Histograms were used to express 
the variation in values of E/C due to infection for each test fungus per 
extract.
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Culture studies. Culture of both healthy purple nutsedge leaf blades 
and those infected with B. cvoeri demonstrated a variety of fungi 
inhabiting the leaf area of the host (Table 1). Unsterilized leaf 
blades, regardless of their origin, bore a variety of air and soil-borne 
fungi including Fenicillium spp., T. harzianum. Aspergillus spp., 
Chaetomium spp., and sterile nyoelia, inpossible to identify because of 
their failure to reproduce on artificial media. Fenicillium spp. and 
T. harTciarnm were also cultured as epiphytes from surface-sterilized 
blades of uninfected purple nutsedge. This might suggest that these two 
fungi, unlike the other epiphytes that were isolated, shared seme 
physiological relationship with their host since their spores apparently 
escaped wetting by hypochlorite solution. The reason, however, is not 
clear.
Culture of surfaoe-sterilized blades demonstrated the presence of 
several endcphytes (Table 1). These included R. solani. Altemaria 
spp., Cladosporium spp., and again sterile myoelia. There appeared to 
be no differences between B. cyperi-infected plants and those not 
infected with B. cvoeri in terms of the frequency of total endophyte 
colonization of the leaves. However, there were statistical differences 
between the infection frequency of individual fungi on infected versus 
uninfected leaves. Rhizoctonia solani was isolated from leaves not 
infected with B. cvoeri. while it was not isolated from leaves infected 
with B. cvoeri. The leaf tissue harboring R. solani. however, showed no 
signs of pathogenicity.
Fungitoxic effects of B. cvperi. Several of the fungi tested showed 
sente degree of growth inhibition in the presence of B. cyperi cultures 
(Table 2). Rhizoctonia solani and Cladosporium sp. appeared to be most 
sensitive to the presence of B. cvperi as indicated by relatively broad 
zones of no growth. The B. cvperi colonies were surrounded by empty 
zones that averaged 10.5 ran and 12.0 ran, respectively. Balansia cvperi 
inhibited the growth of Fenicillium sp. to a lesser extent (4 ran 
average) and only very slightly affected the growth of two of the three 
isolates of F. oxvsporum (8604 = .75 ran average; 8606 = .25 ran average). 
Fusarium oxvsporum 8605, R. orvzae. T. harzianum. and Altemaria sp. 
were apparently not sensitive to growth inhibitor (s) produced by 
B. cvoeri. In fact, among all replicates, these test fungi overgrew 
B. cvperi.
Khizoctonia solani did not respond in the same manner when assayed 
with the four crude extracts of mycelium of B. cvoeri (Table 3).
R. solani consistently grew frcsn the center inoculation point to the 
edge of the agar plate when covered with paper disks saturated with all 
extracts at about the same rate and to the same amount as it did when 
covered with paper disks saturated with acetone or water. All replicate 
plates were completely covered with R. solani within 24 hr. All 
isolates of F. oxvsporum when exposed to extracts of B. cyperi also grew 
completely to the edges of all replicate plates equalling the controls. 
While only slight inhibition was seen when isolates 8604 and 8606 of
F. oxvsporum were grown in the presence of B. cvperi. no growth 
inhibition occured in the presence of any of the crude extracts from
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B. cvperi. For isolate 8605, no inhibition resulted when assayed with 
the crude extracts.
Cladosporium sp. and Fenicillium sp. responded to the crude 
extracts of B. cvperi midh as they did when grown in the presence of 
B. cyperi (Table 3). All four extracts inhibited the radial growth of 
Cladosporium sp. to seme degree with the active compounds primarily 
located in the ethyl acetate and ethyl ether extracts. The ethyl 
acetate and ethyl ether extracts frcm B. cvperi inhibited the growth of 
Fenicillium sp. by about one-half. Altemaria sp. and T. harzianum. as 
in the initial test, were not affected by the presence of any of the 4 
crude extracts from B. cvperi.
When the ME culture filtrate of B. cyperi was examined for 
antifungal activity, no antibiotic effects were seen (data not shown).
In all cases, the nine test fungi grew prolifically in the wells 
containing the filtrate as well as on the agar surrounding each well.
No differences were observed between the test plates and the controls as 
to fungal growth.
The results of inhibitory effects of the crude culture filtrate 
extracts toward the test fungi differed greatly from the results of the 
whole culture filtrate (Table 3). In this experiment, extraction of the 
growth medium with hexane, followed by extractions with chloroform, 
ethyl acetate, and chloroform at pH 10 yielded seme fungistatic activity 
in the last two fractions. Assays showed seme, although weak, activity 
against all isolates of F. oxvsporum. Cladosporium sp., Fenicillium sp., 
and T. harzianum; but no activity against R. orvzae and Altemaria sp.
No growth occured of R. solani from under the test disks when they were
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saturated with the ethyl acetate or the chloroform (pH 10) extracts 
indicating strong antifungal activity toward this known purple nutsedge 
pathogen by the culture medium. These results correlate well with those 
shewing inhibition by JB. cvperi mycelium (Table 2).
FUngitoadc effects of leaf extracts. Bioassays of leaf tissue from 
purple nutsedge infected with B. cvperi and leaf tissue that was free 
from this infection showed a significant effect of the infection by 
B. cvoeri on the average inhibition of radial growth of the 9 test 
fungi? significant differences also existed among test taxa in growth 
responses to all extracts averaged between infection levels. No 
significant effect was noted among the three extracts of leaf tissue, 
indicating low variation in inhibition among the hexane, chloroform, and 
ethyl ether extracts averaged over all test taxa and infection levels.
The various interactions were all significant (Table 5). Individual 
taxon performances are illustrated in Figures 3-5, the E/C values of 
each are used to compare the antifungal activity between infected and 
uninfected leaf tissues as to extract. This represents the infection x 
extract x taxon interaction. All isolates of F. oxvsporum were highly 
sensitive to all extracts from purple nutsedge leaves infected with
B. cvperi. Fungal growth was severely inhibited; average E/C values 
approached 0 for all extracts. Significant differences existed between 
E/C values of all F. oxvsporum isolates when grown in the presence of 
extracts from infected leaves and those that resulted when grown in the 
presence of corresponding extracts from uninfected leaves. Little 
reduction in radial growth of isolates of F. oxvsporum toward uninfected 
leaf extracts was recorded; E/C values approached 1. Growth of isolates
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of R. orvzae and R. solani were inhibited by all extracts from leaves 
infected with B. cvoeri. However, in both cases, extracts from leaves 
of purple nutsedge not infected by B. cvoeri also possessed antifungal 
properties. Antifungal activity was concentrated in the hexane and 
ethyl ether extracts of uninfected leaves. The growth of Cladosporium 
sp., Fenicillium sp., and T. harzianum were not inhibited by any of the 
extracts from leaves infected with B. cvoeri nor by extracts from leaves 
that were free from infection by B. cvoeri. However, there was a 
significant decrease in growth of Altemaria sp. when placed in contact 
with the chloroform extract from infected leaves as compared to the 
corresponding extract from uninfected leaves.
Overall, isolates of F. oxvsporum. R. orvzae. R. solani. and 
Altemaria sp. were greatly inhibited by one or more extracts from 
leaves infected with B. cyperi. Active compounds appear to be located 
in all three extract fractions. Isolates of R. orvzae. and R. solani to 
a lesser degree, also were inhibited by one or more extracts from leaves 
not infected with B. cyperi. Activity was seen in the hexane and ethyl 
ether extracts. There were no differences in responses between infected 
leaf extracts and uninfected leaf extracts as to radial growth of 
Cladosporium sp., T. harzianum. and Fenicillium sp.
IHSCU5SXCM
This research demonstrated that leaves from disease-free purple 
nutsedge plants and plants infected with B. cyperi support a variety of 
fungal inhabitants. This is not surprising considering the recent 
documentation by researchers that endophytic fungi are present in
various plant tissues (Bloomberg, 1966; O'Donnell and Dickinson, 1980; 
leuchtmann and Clay, 1988). There may be a qualitative difference, 
however, as to the types of fungi that inhabit these two groups. 
Rhizoctonia solani. a known pathogen of purple nutsedge (USDA, 1966), 
while found in uninfected leaves, was never found in leaves from purple 
nutsedge infected with B. cvoeri. The biological deterrence of 
R. solani by extracts from purple nutsedge not infected with B. cyperi 
may represent a case much like that of R. repens Bernard and orchid 
tubers. Tubers from several species of orchids produce antifungal 
compounds in response to attack by R. repens an! several other species 
of Rhizoctonia DC which serve as the defense mechanism of the plant 
which maintains this fungus in a symbiotic state (Marx, 1960). Defense 
compounds produced by purple nutsedge may keep R. solani from becoming 
pathogenic. Since sensitivity by R. solani to extracts from leaves 
infected with B. cvoeri was significantly greater than the sensitivity 
of R. solani to extracts from uninfected leaves, defense compounds 
increased by or resulting from the infection of B. cyperi may be 
excluding R. solani in this case.
Sensitivity to disease, all too frequently apparent in cultivated 
plants, is thought by many researchers to be exceptional rather than 
normal for natural populations of indigenous or introduced species 
(Harbome, 1986). As early as 1905, Ward suggested that there were 
compounds present in plants that were capable of inhibiting fungal 
growth. The results of in vitro growth tests with 9 fungi and extracts 
from leaves of purple nutsedge showed this to be true. Leaf extracts 
contained antifungal compounds that depressed growth to some extent of
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several of the fungi tested. The extracts of leaves from purple 
nutsedge infected with B. cvoeri. however, significantly inhibited more 
of the test fungi to a greater degree than did extracts frcan uninfected 
leaves suggesting that the epiphytic infection of B. cvoeri enhances in 
seme way the level of fungal resistance that already exists in this 
plant. There was wide variation in how the individual fungi responded 
to the extracts from infected and uninfected plants suggesting that the 
extracts were acting in a species-specific way. Since several compounds 
with widely differing structures may contribute to the antifungal 
activity of an extract, a great degree of variation in responses of 
fungi to similar extracts may be explained by differences in fungal 
chemistry and physiology (Griffin, 1981). However, there was never a 
case where one fungus species was inhibited by extracts from uninfected 
leaves and rot inhibited by the corresponding extract from infected 
leaves. In fact, the depression in growth was greater with infected 
leaf extracts in all cases.
With the above in mind and considering the small number of species 
analyzed, the fungi tested nevertheless fell into three distinct groups. 
While it was impossible to determine the causative agent of the leaf 
lesions on purple nutsedge plants collected in Mississippi, the four 
fungi isolated from these lesions were all known purple nutsedge 
pathogens (Holm, 1977; USDA, 1966). These fungi exhibited no growth 
when in contact with extracts from leaves infected with B. cvoeri; one 
of the pathogens, R. orvzae. was inhibited to a lesser degree by 
uninfected leaf extracts. The second group was composed of fungi, 
possibly "weak or unspecialized pathogens" fsensu Dickinson, 1981), that
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were isolated endqphytically from healthy purple nutsedge leaves showing 
no disease symptoms. Hhizoctonia solani was the only one of these fungi 
inhibited by extracts from both infected and uninfected plants. It is 
important to note again at this time that R. solani is a known pathogen 
of purple nutsedge (USD&, 1966). Among phyllcplane species, little 
sensitivity, if at all, was seen toward extracts of leaf tissue from 
either purple nutsedge infected or uninfected with B. cvperi.
Demonstration of a correlation between increased inhibition of 
growth of fungi in vitro and biological activity of various extracts 
from B. cvperi-infected leaves is not in itself sufficient evidence to 
conclude that such an infection plays a major role in increasing 
resistance of purple nutsedge to attack by fungal pathogens. More 
detailed analyses of the biological properties of these extracts as well 
as comparative artificial inoculations with plant pathogens, of purple 
nutsedge infected with B. cvperi and disease-free, are needed to test 
the significance of these preliminary results. Granted, a broad 
spectrum of defense mechanisms acting in concert may be needed to 
restrict a fungus from invading a host. However, while it may be only 
one of many factors, the increased resistance to other fungi of purple 
nutsedge infected by B. cvperi is undoubtedly significant. With these 
results, it can be assumed that an avirulent, epiphytic fungus infection 
of B. cyperi can induce some type of physiological change in the plant 
and cause variations in plant chemistry of purple nutsedge which can 
alter its reactivity to subsequent infections by other specific 
pathogens.
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There were few consistent data generated from tests of antifungal 
activity of B. cyperi or its culture medium. Test fungi that showed no 
reduction in radial growth when grown in direct contact with B. cyperi 
or its culture medium were inhibited in growth by one or more of the 
crude extracts from B. cvoeri. This absence of antibiosis in direct 
growth tests could be explained by the fact that various active 
metabolites produced by B. cvperi were not water soluble and could not 
move through the agar. Dilution effects could have been responsible for 
the total lack of response of test fungi to the culture medium. It does 
appear, however, that B. cyperi. like several of its Acremonium 
relatives and E. typhina. can inhibit in vitro growth of several fungi. 
These were not, in all cases, the same fungi inhibited by leaf extracts 
from purple nutsedge infected by B. cvoeri.
The role the infection of purple nutsedge by B. cvoeri plays as a 
biological deterrence in purple nutsedge to infection by fungal 
pathogens is an important aspect of cur understanding of the overall 
ecological significance of this host-fungus relationship. When one 
considers that many economically important forage and turf grasses as 
well as major weeds are infected with similar Balansiae endophytes- 
epiphytes and that resistance to pathogens may correlate directly with 
increased fitness, then the ecological value of infection by B. cyperi 
as a deterrent to infection by fungal pathogens is self-evident. Simply 
stated, populations of purple nutsedge infected with B. cvperi may be 
less susceptible to pathogen attack than uninfected plants, and this may 
be ccmmon to other host grasses infected by these fungi. Research has 
already shown this group of fungi to cause host grasses to be more toxic
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to grazing mammals (Bacon et al., 1986; Read and Camp, 1986), more 
resistant to insect herbivores (Funk et al., 1983; Clay et al., 1985), 
and more vigorous than uninfected conspecifics (Clay, 1984; Latch et 
al.. 1985; Stovall and Clay, 1988). Resistance to fungal pathogens 
would serve as yet another selective pressure favoring this relationship 
and confirm that the ecological status of the association between 
B. cvperi and purple nutsedge is mutualistic.
108
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Figure 1. A general procedure fear the extraction of fJ. cvperi culture 
medium filtrate and fractionation into different classes of crude 
extracts according to polarity.
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Figure 2. A general procedure for the extraction of Q. rotundus leaves 
and mycelium of cvoeri and fractionation into different classes of 
erode extracts according to polarity.
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HEXANE EXTRACT
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Figure 3. Growth inhibition of test fungi when grown in the presence of 
crude hexane extracts of B. cyperi-infected and uninfected C. rotundus 
leaves. E/C is the ratio of colony diameter in presence of extract to 
that of control. Asterisks indicate significant differences, P < .001.
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Figure 4. Growth irhibition of test fungi when grown in the presence of 
crude chloroform extracts of B. cyperi-infected and uninfected C. 
rotundus leaves. E/C is the ratio of colony diameter in presence of 
extract to that of control. Asterisks indicate significant differences, 
P < .001.
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Figure 5. Growth inhibition of test fungi when grown in the presence of 
crude ethyl ether extracts of B. cyperi-infected and uninfected c. 
rotundus leaves. E/C is the ratio of colony diameter in the presence of 
extract to that of control. Asterisks indicate significant differences, 
P < .001.
Table 1. Endophytic and epiphytic fungi of purple nutsedge 
infected with B. cyperi and free from infection with B. cvperi.
Host
Infected (%) Uninfected (%)
Endcphytes 57.9 (11/19)a 64.3 (9/14)
R. solani 0 (0/19)b *28.6 (3/14)
Altemaria sro. 5.3 (1/19) 21.4 (3/14)
Cladosporium s o p. 31.6 (6/19) 28.6 (4/14)
Sterile myoelia 
Epiphytes0
36.8 (7/19) 14.3 (2/14)
Chaetomium s p p. - +
T. harzianum + +
Fenicillium s p p. + +
Asoeraillus soo. + -
Sterile myoelia + +
Numbers in parentheses represent anumber of endophytes isolated 
divided by total number of plants sampled; ^number of times the 
taxa was isolated divided by total number of plants sampled. 
°Epiphytes on unsterilized leaf blades have been recorded 
qualitatively only: +, present; absent.
Asterisk indicates significant difference at the 5% level 
according to Chi-square test.
Table 2. Inhibition of growth of selected fungi by B. cyperi.
Test fungi Width of zone of growth inhibition (mm)a Average width
F. oxvsDorum 8604 1 2 0 0 .75
F. oxvsoorum 8605 0 0 0 0 0
F. oxvsoorum 8606 0 1 0 0 .25
R. orvzae 8707 0 0 0 0 0
R. solani 8708 10 13 11 8 10.5
Cladosoorium so. 8710 12 13 16 7 12
Altemaria so. 8712 0 0 0 0 0
Fenicillium so. 5 4 4 3 4
T. harzianum 8709 0 0 0 0 0
aFour replicate plates examined for each test fungus.
Table 3. Growth responses of fungi to crude extracts of mycelium and culture medium of B. cyperi.
Fungus Mycelium extract3 culture filtrate extract
1.2 2.2 3.2 4.2 1.1 2.1 3.1 4.1
F. oxvsoorum 8604 — - - — — — + +
F. oxvsoorum 8605 - - - - - - - +
F. oxvsoorum 8606 - - - - - - - +
R. orvzae 8707 - - - - - - - -
R. solani 8708 - - - - - - ++ ++
Cladosoorium so. 8710 + + ++ ++ - - + -
Altemaria so. 8712 - - - - - - - -
Fenicillium so. - - + + - - + +
T. harzianum 8709 - - - - - - + -
aSee Table 4 for extraction solvents that correspond to extract numbers.
Inhibition of growth: no inhibition; +, incomplete inhibition (reduced mycelium found growing out
from under the disk; ++, strong inhibition (scarce to no mycelium found growing out from under the 
disk).
Table 4. Determination of crude extract test solutions for bioassay.
Substrate Dry wt(g) Extraction
solvent
Extract
#
Extract
wt(mg)
% dry wt 
of substrate
Test solu oonc 
(mg/ml solvent)
Test solu 
solvent
hexane 1.3 285.0 1.70 0.017 acetone
Infected 17.27 chloroform 2.3 206.8 1.20 0.012 acetone
leaves ethyl acetate 3.3 19.9 .10 0.001 acetone
ethyl ether (pHIO) 4.3 NS — —
Uninfected
leaves
8.97
hexane 
chloroform 
ethyl acetate 
ethyl ether (pHIO)
1.4
2.4
3.4
4.4
723.1
115.6
13.9
NS
8.10
1.29
.16
0.081
0.013
0.002
acetone
acetone
acetone
hexane 1.2 213.6 5.80 0.060 acetone
Mycelium 3.69 chloroform 2.2 276.0 7.50 0.075 acetone
ethyl acetate 3.2 170.6 4.62 0.046 acetone
ethyl ether (pHIO) 4.2 246.7 6.70 0.067 water
hexane 1.1 44.5 1.21 0.021 acetone
Culture 3.69/ chloroform 2.1 237.3 6.43 0.064 acetone
fitrate 500 ml ethyl acetate 3.1 22.6 .61 0.006 acetone
chloroform (pHIO) 4.1 4.1 .11 0.001 acetone
Table 5. Completely randomized design analysis of variance 
data (variable E/C).
Source df SS F
Infection (I) 1 10.728 1282.13*
Extracts (E) 2 0.011 0.65
I x E 2 1.027 61.36*
Taxon 8 14.921 229.90*
I x T 8 7.872 117.59*
E x T 16 1.735 12.96*
I x E x T 16 1.742 13.01%
Error 162 1.356
Total 215 39.392
Data were arcs in transformed. Asterisks indicate significant 
differences, P < .001.
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Plants infected by fungi typically are weakened compared to 
uninfected conspecifics, resulting in decreased growth rates and/or 
reduced competitive abilities (Harper, 1977; Paul & Ayres, 1986). 
However, sense fungi, notably irycorrhizal fungi, can increase plant 
growth compared to uninfected plants in the same environment (Harley & 
Smith, 1983). This paper reports the effect of a normycorrhizal, 
clavicipitaoeous fungus that significantly increases the growth of its 
host in the greenhouse.
Systemic fungi in the tribe Balansiae (Asccamycetes,
Clavicipitaceae) infect many grasses and sedges. With a few exceptions, 
these fungi cause sterility of host plants by inhibiting flowering or by 
the growth of a sclerotium around the inflorescence, aborting developing 
flowers (Diehl, 1950). Infected plants can be toxic to domestic mammals 
and more resistant to several insect herbivores compared to uninfected 
plants, possibly due to the production of alkaloids similar to those 
produced by related ergot (Clavioeps Tul.) species (Bacon, et al., 1975; 
Clay, et al., 1985a). Results from several studies with grasses 
indicate that infected plants often are more vigorous than uninfected 
plants (Bradshaw, 1959; Clay, 1984, 1987; Latch, et al., 1985). Purple 
nutsedge (Cyperus rotundus L.) is a major pest of agronomic and 
horticultural crops in warm climates worldwide (Hauser, 1971; Holm et 
al., 1977). Control of purple nutsedge has been unsuccessful because it 
quickly develops a series of shoots connected by an underground network 
of bulbs, rhizomes, and tubers. Hauser (1962) planted tubers at 18 cm
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intervals in Georgia, U.S.A. and estimated that, after one growing 
season, the equivalent of 11,050,000 tubers and bulbs were produced per 
hectare. Tubers are the major form of reproduction since viable seeds 
are rarely produced (Smith & Fick, 1937; Thullen & Keeley, 1979). Wills 
& Briscoe (1970) provide an illustration of the reproductive morphology 
of purple nutsedge.
Papulations of purple nutsedge infected by the fungus Balansia 
cyperi Edg. have been identified in widely separate! areas of Louisiana 
(Clay. 1986a). Until recently the only known host of B. cyperi was the 
sedge, Cvperus virens Michx. (Edgerton, 1919; Clay, 1986a, 1986b).
Infected plants may produce completely or partly aborted inflorescences 
covered with white mycelium or may flower normally. However, 
microscopic examinations of these plants with normal inflorescences 
reveal abundant hyphae surrounding meristematic regions of shoots and 
tubers (Clay, 1986a). The purpose of this paper is to present the 
results of greenhouse experiments to determine the effect of B. cyperi 
on growth and tuber production of purple nutsedge.
MATERIALS AND METHODS
Basal bulbs of purple nutsedge connected to leafy shoots and 
flower-bearing rachises (hereafter referred to as tillers and 
inflorescences, respectively), and associated tubers, were collected 
from four different sites in Baton Rouge, Louisiana, in September 1985.
All sites were disturbed areas dominated by grasses, purple nutsedge, 
and broadleaved weeds, and were subject to occasional mowing. These 
sites had been periodically checked for 18 months for presence or
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absence of purple nutsedge with disease symptoms. Plants with diseased 
inflorescences were observed in two of the sites but not observed in the 
other two sites. Samples of purple nutsedge from each site were 
examined to confirm presence or absence of the fungus (Clay, 1986a).
Tubers were separated from the bulbs to which they were connected.
Special care was taken with tubers from the two infected sites to use 
only these connected rhizcmatously to basal bulbs bearing diseased 
inflorescences. Because of the extensive vegetative growth of purple 
nutsedge, it is not known whether different genotypes were represented 
in tuber collections from each site. Approximately 30-50 tubers from 
each of the four sites were planted within two days of their collection 
and placed in the greenhouse (sample sizes presented in Table 2). The 
tubers were washed in distilled water, weighed, and planted individually 
2 cm deep in 6 cm plastic pots filled with a sterilized soil mixture 
(two parts sand, two parts moss peat, two parts top soil and one part 
perlite). Pot culture was used because of the particular growth habit 
of purple nutsedge and the difficulty of identifying underground 
connections in the field. A11 pots were watered as necessary and a 
liquid fertilizer solution (Peters 20-20-20, W.R. Grace & Co.) was 
applied weekly. Insects were controlled by spraying an insecticidal 
soap (Safer Agro-Chem, Inc.) as required. Plants received only natural 
lighting; temperature could not be controlled precisely and varied from 
approximately 18-30C depending on time of day, cloud cover, and outside 
temperatures.
Each pot was examined on a weekly basis. Tubers were recorded as 
having sprouted when the first leaf emerged above the soil surface.
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Following sprouting the number of tillers and inflorescences were 
recorded once a week. Tiller and inflorescence numbers at week five 
were chosen for the first statistical analyses because these data 
represented the initial peak of growth of purple nutsedge, after which 
tiller and inflorescence numbers remained constant for several weeks. 
Tiller and inflorescence numbers were also recorded again after 26 weeks 
following a second peak of growth. Ihe following January 1986, another, 
larger sample of approximately 120 tubers (see Table 2) was collected 
from each of six sites (the original four sites plus two new ones, one 
of which contained infected plants) in the same manner as the first 
collection. Ihe tubers were washed, weic^ ied, planted in pots, and grown 
in a greenhouse as before. Data collection began when the tubers 
sprouted and continued for 13 weeks at which tine tiller and 
inflorescence numbers had remained constant for several weeks. Data 
recorded then included week of sprouting, and the number of tillers and 
inflorescences present each week. At 20 weeks, 20 pots from each site 
were randomly selected and harvested. To confirm infection, one tiller 
from each of five pots per site was checked for presence of hyphae using 
the technique cited earlier (Clay, 1986a). Ihe soil was washed 
carefully from the belowground parts with a low pressure jet of water, 
and all plant parts were dried for 48 hours at 80C. After drying, the 
numbers of tillers and inflorescences were count©!, the entire plant was 
weigh©! and the aboveground and belowground parts were weighed 
separately. Underground storage organs (tubers and bulbs) were counted 
and weighed, small tubers being indistinguishable from basal bulbs.
Since at the base of each tiller (or inflorescence) is a basal bulb,
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tuber number was determined by subtracting tiller plus inflorescence 
number from the total number of underground storage organs (Hammerton,
1976).
Ihe percentages of tubers collected in January 1988 that sprouted 
were low compared to tubers collected the previous September, 
therefore, 20 tubers from each site that lad rat sprouted were tested 
for viability. Tubers were removed from the pots and dissected with a 
knife. If the tuber was white, firm, and had an acrid smell, it was 
considered viable? if the tuber appeared to be rotten or crumbled to the 
touch, it was considered nonviable (Wills & Briscoe, 1970).
Differences in tuber weights were analyzed by nested analysis of 
variance where populations were nested within the infected or uninfected 
classes. log transformed data were analyzed in one case (1986 tuber 
weights, Table 1) where untransformed data were not normally distributed 
and the transformation increased the percent of variation explained.
G-tests of independence were used to analyze differences in the 
percentages of tubers sprouting among populations and between infected 
and uninfected plants. G-tests are computationally similar to 
chi-square tests but can be extended more readily to complex 
experimental designs; in addition, no assumptions about underlying 
distributions are made, obviating statistical transformations (Sokal & 
Rohlf, 1981). Time to sprouting and the measures of plant growth and 
reproduction were analyzed by nested analysis of variance as before but 
with initial tuber weight as a oovariate. Tubers and plants from the 
two collection periods were analyzed separately.
128
KESUKES
Tuber weight. Nested analysis of variance indicated that there were 
significant differences in tuber weights between infected and uninfected 
classes of populations and among populations within classes, in both 
years (Table 1). Field-collected tubers from infected purple nutsedge 
were significantly smaller than tubers from uninfected purple nutsedge 
for both collection periods (Table 2). The mean tuber weight of all 
infected populations was 32% (.26/.38) lower than mean tuber weight for 
uninfected populations in 1985 and 6% lower in 1986. There were 
significant population differences in tuber weight possibly relating to 
habitat or genetic differences. Mean tuber weight of the two infected 
populations collected in 1985 were each smaller than mean tuber weight 
of the two uninfected populations; however, in 1986 one population of 
infected purple nutsedge (#1) had the smallest tubers while another 
infected population (#3) had the largest tubers considering all infected 
and uninfected populations together.
Percentage of tubers sprouting. There were no significant differences 
in percent tuber sprouting between infected and uninfected classes of 
populations or among populations within classes in the 1985 trial (Table 
3). In contrast, in 1986 there were statistically significant 
differences in percent sprouting between infected and uninfected classes 
of populations and among populations within the uninfected class (Table
3). Sprouting of tubers decrease! in all populations in 1986 compared 
to 1985 with the percentage decreasing more dramatically in infected 
populations; cm average the percentage of tubers that sprouted from 
infected populations declined from 79% to 19% from 1985 to 1986 while
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the percentage from uninfected populations declined from 68% to 53%
(Table 2). When nonsprouted tubers collected in 1986 were checked for 
viability, 22% of the uninfected tubers and 52% of the infected tubers 
were viable (p < .01), indicating that the differences in sprouting of 
infected versus uninfected tubers were due in part to increased dormancy 
of infected tubers.
There were no significant differences in time to sprouting between 
tubers from infected and uninfected classes or among populations within 
classes in 1985 but there were significant differences present in 1986 
(Table 4). While infected tubers sprouted, on average, one day sooner 
than uninfected tubers in 1985, infected purple nutsedge tubers sprouted 
one week later than uninfected tubers in 1986 (Table 2). Mean time to 
sprouting increased from 1985 to 1986 in each of the four populations 
collected in both years with the largest increases found in the infected 
populations (Table 2). These results again are consistent with the idea 
of increased dormancy of infected tubers; fewer viable infected tubers 
sprouted and those that did took longer to sprout.
Analysis of covariance indicated that time to sprouting was 
significantly dependent on tuber weight in 1985 but not in 1986 (Table
4). However, in 1986 regression analyses of time to sprouting versus 
tuber weight revealed a significant relationship in seme populations but 
not in others (data not shown). When tubers from infected and 
uninfected populations and from both years were considered together 
there was a significant effect of tuber size on time to sprouting; in 
general, larger tubers sprouted more rapidly than smaller tubers.
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Tiller number and inflorescence number. In both 1985 and 1986 the 
number of tillers per plant varied significantly between infected and 
uninfected classes and, to a lesser extent, among papulations within 
classes (Table 5). Inflorescence number also varied significantly 
between infected and uninfected classes except for week 5, 1985. There 
were significant differences in inflorescence number among populations 
within classes at all sample points (Table 5). Analysis of covariance 
indicated that initial tuber size was a significant determinant of 
tiller number at week 5 in 1985 and of inflorescence number at week 26 
in 1985 and week 13 in 1986. Infected plants produced 26% (2.13/1.69) 
more tillers than uninfected plants after 5 weeks and 64% more tillers 
after 26 weeks in 1985. In the 1986 trial infected plants had 29% more 
tillers than uninfected plants after 13 weeks (Table 6). Despite the 
smaller size of field collected, infected parent tubers, infected purple 
nutsedge produced significantly more tillers than uninfected purple 
nutsedge after comparable periods of growth.
Inflorescence numbers varied between infected and uninfected 
populations and among populations within classes in the opposite way 
(Table 6). Infected plants produced fewer inflorescences per plant than 
uninfected plants in both 1985 and 1986. In 1985 there were no 
significant differences in inflorescence production after 5 weeks, but 
after 26 weeks uninfected plants had produced over twice the mean number 
of inflorescences as infected plants. In 1986 uninfected plants had 
produced 68% more inflorescences than infected plants after 13 weeks 
(Table 6).
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The decrease in inflorescence number of infected plants did not 
equal the increase in tiller number. Ihe sum of inflorescence plus 
tiller number was significantly greater for infected plants when 
compared to uninfected plants at each of the three sample dates in Table 
6 and ranged from 15% (in 1986) to 37% (Week 5, 1985) greater.
Harvest data - 1986. Ihe five variables analyzed by nested analysis of 
variance with initial tuber weight as a oovariate (above- and 
belowground dry weight, tiller number, tuber number, and total storage 
organ dry weight) all exhibited significant differences between the 
infected and uninfected classes (Table 7). There also were significant 
differences among populations within classes for all variables except 
tiller number. The oovariate was a significant determinant of tiller 
number and total storage organ dry weight but not the other three 
variables.
Average aboveground dry weight of infected purple nutsedge was 24% 
higher than that of uninfected purple nutsedge (Table 8); tiller numbers 
were 20% higher. Belowground dry weight was 17% higher for infected 
purple nutsedge? however, the belowground:aboveground dry weight ratio 
did not differ significantly between infected and uninfected purple 
nutsedge (2.24 for infected plants, 2.38 for uninfected plants).
Over 80% more tubers were produced by infected plants (Table 8) and 
total storage organ dry weight (tubers plus basal bulbs) was nearly 36% 
higher. However, the average weight per underground storage organ from 
infected purple nutsedge was significantly lower than from uninfected 
purple nutsedge (.076 vs..085 g for infected and uninfected, 
respectively). Although infected plants produced more, smaller tubers
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and basal bulbs, their combined weight was significantly greater than 
their ocnbined weight in uninfected plants (Table 8). These results 
parallel the results frcm the original field collections where tubers 
frcm infected purple nutsedge were significantly smaller than tubers 
from uninfected purple nutsedge (Table 2).
m sco ssid ?
Infection of purple nutsedge by the fungus B. cyperi was associated 
with significant differences in several growth and reproductive 
characteristics of host plants. Field collected tubers from infected 
plants were significantly smaller than tubers frcm uninfected plants; 
tubers produced by infected plants in the greenhouse were smaller but 
greater in number than those produced by uninfected plants. Initial 
tuber size was not strongly related to subsequent biomass production.
In general, infected plants exhibited a greater allocation towards 
vegetative growth and tuber production compared to uninfected plants, 
which produced more inflorescences. Because virtually all reproduction 
of purple nutsedge is by tubers (Justice & Whitehead, 1946), infected 
plants m y  have greater reproductive potential than uninfected plants in 
nature.
Tuber weights varied both with infection and population origin, in 
the field and greenhouse. Horowitz (1972) reported that tuber weight in 
outdoor pot culture varied seasonally with temperature and that larger 
tubers were produced during warm months. Hammerton (1975) also 
suggested that mean temperature was the most important factor 
influencing tuber size. We found that within seme populations the mean
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tuber size increased, but in others it decreased between collections 
made in September 1985 and January 1986 (Table 2). Ehotqperiod may also 
influence tuber weights. In one study the dry weight of tubers 
increased as both the light intensity and length of the growth period 
was reduced (Jordan-Molero & Stroller, 1978), but another study showed 
that as day length increased, mean tuber weight decreased (Williams,
1978). Again, in our experiments tuber weights both increased and 
decreased between 1985 and 1986 in the different papulations, arguing 
against a strong seasonal variation in tuber weight. Cur data indicate 
that the fungus B. cvoeri has a significant effect on tuber weight of 
purple nutsedge, although environmental and/or genetic differences among 
populations also are important.
The mean percentage sprouting of tubers collected in September 1985 
was 74%, consistent with germination levels reported in the literature 
(Andrews, 1940; Hauser, 1962; Horowitz, 1972). Time to sprouting 
averaged about nine days in the first experiment which also was 
consistent with literature reports of tuber sprouting taking 6-10 days 
(Hauser, 1962; Horowitz, 1972). In contrast, tubers collected and 
planted in January 1986 had lower sprouting percentages and those that 
did sprout took longer compared to tubers collected and planted the 
previous summer (Table 2). The low rate of sprouting and the increase 
in time to sprouting of tubers in the 1986 experiment compared to the 
1985 experiment suggest that there may be a seasonal component to tuber 
dormancy. Since planting dates varied between the two years (1985- 
Septeniber; 1986-January), variation in mean time to sprouting of tubers 
may have resulted from temperature or photoperiod differences. Although
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Hanmertcm (1975) found no correlation between time to tuber sprouting 
and planting dates, his research was carried out in Jamaica where 
seasonal variations are less extreme than those found in Louisiana.
Horowitz (1972) also found no correlations but his experiments were 
carried out in Israel, a temperate latitude region. In Louisiana, the 
seasonal differences in sprouting were especially pronounced in infected 
tubers. In the winter planting the sprouting rate of infected tubers 
was about one-third that of uninfected tubers and they took on average 
one week longer to sprout. These results indicate that fungal infection 
significantly increased dormancy of field collected tubers in the winter 
but not summer, suggesting an interaction between infection and season 
affecting tuber physiology.
Growth changes in purple nutsedge associated with infection 
correspond to the results of prior research on clavicipitaceous fungus 
infected grasses. Perennial ryegrass fLolium perenne L.) infected by 
Acremonium loliae Latch, Christensen & Samuels produced significantly 
more biomass under controlled environmental conditions compared to 
uninfected plants (Latch et al.. 1985). Read & Camp (1986) found that 
tall fescue (Festuca arundinaoea Schreb.) infected by A. coenophialum 
Morgan-Jones & Gams produced more biomass per hectare than uninfected 
plants. Clay (1987) also found increased growth and biomass production 
by infected plants compared to uninfected plants of perennial ryegrass 
and tall fescue in the greenhouse. These Acremonium Link species 
closely resemble the anamorphic state of the Balansiae fungus Eoichloe 
typhina (Fers.) Tul. (Clay, 1986c). Several studies of natural plant 
populations also have shewn significant growth differences between
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infected and uninfected plants. Bradshaw (1959) reported that Aorostis 
tenuis Sibth. infected by E. typhina had a greater number of tillers 
compared to uninfected plants; similarly, poverty grass, Danthonia 
spicata (L.) Beauv., infected by Atkinsonella hvpaxvlon (Pk.) Diehl 
produced significantly more tillers per plant than uninfected plants 
(Clay, 1984). In a previous study with B. cyperi infecting a sedge,
Clay (1986b) found that infected plants of C. vixens were significantly 
larger than uninfected plants in field samples, although growth rates 
were root quantified. Thus, infection by Balansiae fungi is often 
associated with increased vigor of host plants.
Since most grasses and sedges infected by Balansiae fungi do not 
flower, or produce only aborted inflorescences, infection induced 
sterility could result in more vigorous vegetative growth of infected 
plants due to reallocation of resources from reproductive to vegetative 
growth. However, cur results demonstrate that the total number of 
tillers plus inflorescences, as well as total dry weight, was 
significantly greater for infected plants, suggesting that increased 
growth is not merely a result of energy reallocation. Moreover, the 
results of Latch et al. (1985) and Clay (1987) demonstrated that 
increased growth of host plants occurred in grasses where infection has 
no effect on flowering. Regardless of the mechanism of increased 
growth, the ecological consequences of reduced numbers of inflorescences 
in infected purple nutsedge seem minimal. While uninfected plants 
flower normally, few viable seeds are produced. Ihus, the lack of seed 
production by infected plants with aborted inflorescences is no 
disadvantage. In contrast, the increased numbers of tubers represents
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an advantage because tubers are the primary reproductive propagules in 
purple nutsedge.
Ihe mechanism of increased growth of infected purple nutsedge (and 
hosts cited above) is not known. Increased resistance to insect 
herbivores has bean documented for several Balansiae-infected grasses 
and sedges (Clay et al.. 1985a, 1985b) but our experiments were 
conducted in a greenhouse where insects were excluded. Other studies in 
controlled environments without insects have also shown greater growth 
of infected perennial ryegrass and tall fescue, compared to uninfected 
plants (Latch et al., 1985; Clay, 1987). In purple nutsedge it is 
likely that the physical location of the fungus on the meristems of 
basal bulbs and on buds of tubers is an important factor influencing 
host growth (Clay, 1986b; Leuchtmann & Clay, 1988). Porter et al.
(1985) have recently shown that the congeneric fungus B. epichloe 
(Weese) Diehl produces auxin in vitro. Host plants are inhibited from 
flowering, suggesting hormones are produced by the fungus in vivo as 
well. Host plant growth alterations such as vivipary and the inhibition 
or alteration of flowering have been observed in other grasses and 
sedges, suggesting that the fungi may be altering the plant's hormonal 
balance (Clay, 1984, 1987b, 1986c). In purple nutsedge, infection 
associated changes in the hormonal balance of tuber buds and shoot 
meristems could affect tuber dormancy or germination, the change between 
vegetative and reproductive growth, and rates of cell division and organ 
development at the meristem.
Purple nutsedge infected by B. cyperi may represent a more serious 
weed problem than uninfected nutsedge. Increased growth can result in a
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greater ocnpetitive ability with crop plants and increased tuber 
production will result in larger populations of tubers in the soil bank. 
Moreover, resistance to insect herbivory of C. virens has been 
associated with infection by B. cvoeri (Clay et al.. 1985b). This may 
also be the case for purple nutsedge. It is unlikely that this 
symbiotic association between fungus and sedge has recently arisen in 
Louisiana, but even if it has, the potential for spread may have 
economic consequences. Delimiting the distribution of infected purple 
nutsedge and assessing its competitive interaction with crops represent 
iirportarrt areas for future research.
Table 1. Analysis of variance of tuber weights, for two years.
1985 1986
Model DF MS F DF MS F
Infection 1 0.542 8.54** 1 1.137 6.90*
Population
within
Infection
2 0.289 4.55* 4 0.639 3.88*’
Error 161 0.064 ---- 707 0.165 ----
Analyses were done cm log-transformed data in 1986 and 
untransformed data in 1985. One or two asterisks indicate 
P < .05 or .005, respectively.
Table 2. Tuber weights, percent sprouting, and days to sprouting by infection status and population, for two 
years.
1985 1986
SDroutinci Snroutina
Pooulation Number
xuDexr
weiaht(cr) Percent DaVS Number
lULJtSX
Weioht(cr) Percent Davs
Infected-1 27 0.28 + .05 85% (23) 8.61 ± .91 112 0.24 + .02 19% (21) 20.30 + 2.24
Infected-2 40 0.25 + .02 75% (30) 8.89 ± .56 123 0.32 ± .02 13% (16) 24.50 + 2.73
Infected-3 - 113 0.39 + .04 25% (28) 24.22 + 3.43
Infected
Mean
67 0.26 ± .02 79% (53) 8.75 + .49 348 0.32 + .02 19% (65) 23.03 + 1.75
Uninfected-4 48 0.30 +.03 71% (34) 9.45 ± .77 130 0.35 + .02 45% (58) 13.37 + 0.70
Uninfected-5 50 0.45 + .05 66% (33) 10.50 + .91 132 0.36 + .03 48% (63) 16.38 + 0.70
Uninfected-6 ------- _ — 103 0.32 + .02 72% (74) 16.94 ± 1.33
Uninfected
Mean
98 0.38 + .03 68% (67) 10.01 + .63 365 0.34 + .01 53% (195) 15.75 + 0.56
Means are presented + one standard error. Infected and uninfected means are weighted by component population 
sizes. For germination percent, numbers in parentheses are the number of tubers that sprouted.
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Table 3. G-tests of independence for tuber sprouting 
differences, for two years.
1985 1986
Contrast G value P < G value P <
Among populations 
within infected 
classes
1.02 NS 5.42 NS
Among populations 
within uninfected 
classes
0.25 NS 20.42 .001
Between infected 
and uninfected 
populations
2.36 NS 96.10 .0001
Table 4. Analysis of covariance of time to sprouting, 
for two years.
1985 1986
Model DF MS F DF MS F
Infection 1 0.460 1.20 1 52.015 25.23**
Population 2 
within Infection
0.078 0.20 4 3.477 1.69
Tuber Weight 1 3.949 10.31** 1 0.087 0.04
Error 115 0.383 ------ 253 2.062 — —
Untransformed data were analyzed. Two or three asterisks 
indicate P < .005 or .0005, respectively.
Table 5. Analysis of covariance of tiller and inflorescence number at two times for 1985 experiment, once for 1986 
experiment.
1985
______Week 5_____   Week 6_________
_________ 1986 - Week 13
Tillers Inflorescences Tillers Inflorscenoes
Tillers_______Inflorescences
Model DF MS F M3 F DF MS F MS F DF MS F MS F
Infection 1 9.245 8.78** 0.393 0.70 i 333.983 20.63** 48.069 31.45** 1 164.021 15.87*** 22.087 9.88**
Population
within
Infection
2 1.990 1.89 3.708 6.61** 2 5.828 0.36 5.431 3.55* 4 28.717 2.78* 19.227 8.60****
Tuber
Weight
1 10.130 9.62 1.997 3.56 1 2.733 0.17 6.541 4.28* 1 15.843 1.53 10.455 4.68*
Error 114 1.053 0.561 ---  110 16.193 "  — — '— 1.528 253 10.338 2.236
Untransformed data were analyzed. One, two, or three asterisks indicate P<.05, P<.005, or P<.0005 respectively.
I-*
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Table 6. Tiller number and inflorescence number by infection status and population, for two years.
1985
Week 5 Week 26
1986 - Week 13
Population N Tillers Inflorescences N Tillers Inflorescences N Tillers Inflorescences
Infected-1 22 2.40+.35 1.36+.19 21 9.24+1.08 1.24+.30 21 8.57+.79 0.67+.21
Infected-2 30 1.93+.19 Oo 63+.11 34 8.56+.73 0.94+.19 16 9.19+.83 1.69+.38
Infected-3 — ---- ---- — ---- ---- 28 10.61+.91 1.04+.22
Infected
Mean
52 2.13+.18 0.94+.11 55 8.82+o61 1.05+.16 65 9.60+.51 1.08+.15
Uninfected-4 33 1.45+.12 0.97+.13 27 5.07+.55 2.00+.22 58 8.24+.27 0.95+.14
Uninfected-5 34 1.91+.16 1.03+14 33 5.61+.67 2.70+.24 63 7.70+. 33 2.43+.20
Uninfected-6 — ---- — ---- ---- 74 6.64+.42 1.96+.22
Uninfected
Mean
67 1.6?+.10 1.00+.09 60 5.37+.44 2.38+.17 195 7.46+.21 1.81+.12
Means are presented + one standard error.
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Table 7. Analysis of covariance of 1986 harvest data at week 20.
Aboveground 
Drv Weiaht
Tiller
Number
Belowground 
Drv Weiaht
Tuber
Number
Total 
Storage Organ 
Drv Weiaht
Model DF MS F MS F MS F DF MS F MS F
Infection 1 5.073 13.09*** 154.359 14.32*** 11.960 4.35* 1 4000.191 64.92*** 18.090 37.98**'
Papulation 
within infection
4 1.772 4.57** 21.115 1.96 44.845 16.30*** 4 249.277 4.05** 1.520 3.19*
Tuber Weight 1 0.474 1.22 72.843 6.76* 5.243 1.91 1 72.525 1.18 2.569 5.39*
Error 109 0.388 --- 10.776 ---- 2.751 --- 109 61.620 --- 0.476 ---
Untransformed data were analyzed. One, two, or three asterisks indicate P<.05, .005, or .0005 respectively.
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Table 8. Results of harvest of 1986 plants at week 20 by infection status and population.
Peculation
Aboveground 
Number Drv Weiaht fa)
Tiller
Number
Belowground 
Drv Weiaht (a)
Total
Tuber Storage Organ 
Number Drv Weiaht fa)
Infected-1 20 2.17+.15 15.80+.65 5.61+.50 21.85+1,71 2.92+.17
Infected-2 16 2.04+.15 13.44+.96 4.16+.32 28.44+2.51 2.93+.18
Infected-3 20 2.72+.16 16.50+.97 5.65+.34 27.15+2.13 3.47+.18
Infected
Mean
56 2.33+.10 15.38+.52 5.21+.25 25.63+1.25 3.12+.11
Uninfected-4 20 2.18+.13 13.30+.62 6.73+.54 14.65+1.84 2.65+.14
Uninfected-5 20 1.68+.13 12.85+.85 3.03+.17 10.15+0.90 2.16+.15
Uninfected-6 20 1.79+12 12.35+.49 3.64+.22 17.50+1.50 2.09+.14
Uninfected
Mean
60 1.88+.08 12.83+.38 4.47+.29 14.10+0.92 2.30+.09
Means are presented + one standard error. Storage organ dry weight consists of tuber weight plus basal 
bulb weight.
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Balansia cvperi was first described from the sedge Cvperus virens. 
Hie fungus has been reported on C. rotundus based on the presence of a 
stroma on the inflorescence, a host-fungus character that is an 
important diagnostic feature of species of Balansia. Comparative 
laboratory and greenhouse studies were used in an attempt to determine 
if B. cvperi from C. rotundus and C. virens was similar. Fungus 
isolates from both sedges had similar cultural characteristics on PDA, 
1/2CMA, and Leonian's agar. Conidia and hyphae size varied 
statistically among all isolates of B. cvperi from C. rotundus and 
C. virens when grown in the dark on 1/2CMA. Fungus isolates from both 
sedges differed in growth rates. While there were no significant 
differences in average radial growth in the dark of colonies of
B. cvperi isolated from C. rotundus on 1/2CMA at temperatures of 23, 25, 
and 28C, average colony size of an isolate of B. cvperi from C. virens 
was smaller at all temperatures. While higher temperatures facilitated 
radial growth of isolates of B. cvperi from C. rotundus. the isolate 
from C. virens grew more slowly at 23C and fastest at 25C. There were 
no significant differences in number of conidia produced per colony 
among all isolates of B. cvperi from C. rotundus in the dark. Again, 
the isolate from C. virens differed from the isolates from C. rotundus 
by producing significantly fewer conidia per colony. All isolates of
B. cvperi from both sedges were positive for lipase and phosphatase 
activity and negative for all other extracellular enzymes for which 
tests were run.
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Inoculum prepared from isolates of B. cvperi from C. rotundus 
infected 63% of the C. rotundus tubers when injected into young rhizomes 
that were sprouted under aseptic conditions before planting. Only 3% of 
C. rotundus tubers became infected when inoculated in the same manner 
with an isolate of B. cvperi from C. virens. These results may indicate 
that while isolates of B. cvperi from C. rotundus and C. virens appear 
to be similar morphologically and appear to have similar limited 
degradative capabilities, they differ in their ability to infect 
C. rotundus tubers artificially. A host shift may have occurred from 
C. virens to C. rotundus. with subsequent development of two host races 
of B. cvperi. Further investigation of this possibility is suggested 
using different isolates of B. cvperi from C. virens and better 
standardized inoculum from the two sources.
Numerous studies have shown that certain grasses infected with the 
endophytic Balansiae show greater resistance to insect herbivory than do 
uninfected grasses. Non-choice and preference feeding experiments were 
conducted in the laboratory with fall armyworm larvae and uninfected 
C. rotundus and plants infected with B. cvperi. Larval survival was not 
affected but weight gain was significantly reduced at 10 days and 
development slightly prolonged when larvae were fed leaves from infected 
plants as compared to leaves from uninfected plants. When neonate 
larvae were provided with leaves from both infected and uninfected 
purple nutsedge, 51.1% preferred to feed on leaves from plants not 
infected with B. cvperi versus 37.9% preferring uninfected leaves. No
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alkaloids were detected in tissue extracts of leaves from C. rotundus 
Infected with B. cvperi. However, leaf quality differed between 
infected and uninfected plants. The levels of fiber and zinc in leaves 
from C. rotundus infected with B. cvperi were statistically hic^ ier than 
levels in leaves from uninfected plants. It appears from these data 
that an epiphytic infection of B. cvperi on purple nutsedge is similar 
to some endophytic infections of Balansiae on grasses in that infected 
food plants detrimentally affect growth and development of FAW. The 
antibiotic effects of leaves of c. rotundus infected with B. cvperi 
toward FAW appear to be minimal? the mechanism of resistance appears to 
be primarily that of non-preference. While alkaloids have been shown to 
deter feeding of FAW in another study, we were unable to implicate them 
in this test. The effect of differences in fiber and zinc content on 
the feeding behavior of FAW is unknown, and, therefore provides an area 
for further investigation.
Preliminary evidence suggests that seme endophytic Balansiae 
produce antibiotics that protect their host plants from invading fungus 
pathogens. The results of bioassays with 9 test fungi isolated from 
C. rotundus grown in the presence of crude extracts of B. cvperi and 
crude extracts of the culture medium of B. cvperi suggest that B. cvperi 
may inhibit growth of several soil or airborne fungi, including several 
pathogens. Crude extracts from excised leaves of C. rotundus infected 
with B. cvperi were bioassayed with the same test fungi and were shown 
to inhibit the growth of isolates of Fusarium oxvsporum. Rhizoctonia 
solani. R. orvzae. and Altemaria sp. Fusarium oxvsporum and R. solani
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are known pathogens of purple nutsedge. Extracts of uninfected leaves 
of C. rotundus also showed antibiotic activity toward R. orvzae and 
R. solani. however, it was significantly less than that shown by 
extracts of leaves from C. rotundus infected with B. cvperi. While 
leaves from C. rotundus infected with B. cvperi and disease free support 
a variety of fungal inhabitants, R. solani was never found in leaves 
sampled from C. rotundus infected with B. cvperi. Rhizoctonia solani 
was isolated from purple nutsedge leaves not infected with B. cyperi 
although disease symptoms were lacking. This suggests that the presence 
of B. cyperi in seme way enhances a natural disease resistance in
C. rotundus toward this pathogen. More detailed analyses of the 
biological properties of these extracts as well as comparative 
artificial inoculations with plant pathogens of purple nutsedge infected 
with B. cyperi as well as disease-free controls are needed in order to 
test the significance of these results.
Results from several studies of grasses infected with endophytic 
Balansiae indicate that infected plants are often more vigorous than 
uninfected plants. Two growth trials were conducted in the greenhouse 
to determine the effects of B. cvperi on growth and tuber production of
C. rotundus. In the field tubers collected from populations of infected 
plants were significantly smaller than tubers from populations of 
uninfected plants. There were no differences in percent of tubers 
sprouting, or in time to sprouting, between infected and uninfected 
tubers collected and planted in the greenhouse in September 1986.
Infected tubers collected and planted in January 1980 shewed 
significantly decreased percentages of tubers sprouting and increased
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time to sprouting compared to uninfected tubers. In both trials, after 
correcting for differences in initial tuber size, vegetative tiller 
(shoot) number increased and inflorescence number decreased for infected 
purple nutsedge compared to uninfected purple nutsedge. Plants were 
harvested after 20 weeks in the second trial. Total dry weight of 
infected plants was greater than total dry weight of uninfected plants, 
but ratios of belcwground:aboveground dry weight were the same.
Infected plants produced significantly mare, but smaller tubers than 
uninfected plants. Greater vegetative growth and production of more 
tubers may provide an advantage to infected C. rotundus in mixtures with 
uninfected plants and other plant species. These tests should be 
repeated under field conditions.
The significance of these results depends on whether one can 
extrapolate these data to natural populations of purple nutsedge. Is 
infection by B. cvperi spreading among populations of C. rotundus or is 
it fairly restricted to several areas of Louisiana? Cvperus rotundus 
infected with B. cvperi appears to be abundant in southeast Louisiana 
and within several years populations that once appeared to be free from 
this infection now show symptoms of this disease. The presence of the 
fungus surrounding tuber buds and the extensive asexual proliferation of 
the tuber-rhizomes which produce new plants make the potential for 
spread unlimited. The host shift from C. virens to C. rotundus could be 
extended to other closely related sedges. For example, C. esculentus L. 
(yellow nutsedge), another weedy species, occurs in conjunction with 
purple nutsedge in many agricultural areas. The success of artificial 
infection of C. rotundus with B. cvperi suggests that the infection
might be spread by other means besides asexual reproduction, such as by 
insect vectors.
Would the beneficial effects of increased resistance to fall 
amryworm, increased fungitoxic effects towards possible C. rotundus 
pathogens, and increased vegetative growth and reproduction that were 
observed in the laboratory and the greenhouse be manifest under field 
conditions where a wide array of physical-chemical stimuli are acting 
simultaneously on a natural population of C. rotundus? Unfortunately, 
the only way to test this question is to extend our laboratory- 
greehhouse experiments to field plot designs. However, these initial 
tests provide the conceptual framework on which to proceed. The 
possibility that C. rotundus infected with B. cyperi has increased 
resistance to insect herbivory, increased resistance to fungus 
pathogens, and increased growth and survival when growing among other 
plant species could make the "world's worst weed" an even more 
treacherous one. Cvperus rotundus infected with B. cyperi provides a 
model system for evaluating the effect of a microorganism on the 
competitive interactions between weeds and crops.
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